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ABSTRACT 
This thesis presents a study of the fragmented nature of activities involved in the 
specification and procurement of construction products. Existing Internet-based 
approaches have perpetuated fragmentation in this domain and this has resulted in a 
problem known as ‘digital anarchy.’ The thesis describes the design and development of 
an application based on the metaphor of software agents to address this problem.  
 
The thesis has validated the view that failures in the existing approaches have resulted in 
the ‘digital anarchy’ problem. Such approaches have failed to eradicate paper-based 
communication patterns and its related sequential work methods. The thesis has 
established the proof of concept of using agents for the management of distributed 
information in the selected domain. The work has also synthesised agent technology, 
XML and Web Services into a cohesive architecture, demonstrating that the ultimate 
solution to the ‘digital anarchy’ problem will emerge from a synergy of the various 
streams of research in Internet-related technologies. The work has established that there 
is significant scope for systematic improvement in the specification and procurement of 
construction products listed on the Internet based on the agent paradigm. 
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1 BACKGROUND TO THE RESEARCH 
1.1 INTRODUCTION 
…the modern enterprises, despite exploiting the Internet’s abilities to transcend space, 
time and competition, still await the birth of the global village as foretold by the 
communications shaman Marshall McLuhan (Laiserin, 2001). 
Laiserin’s (2001) view of Internet-enabled communication suggests that the 
fragmentation remains a problem for the construction industry the digital era. The need 
for the APRON approach is deeply rooted in this perception. 
The building and construction business is experiencing an era of dynamic, highly 
competitive markets that continually place new and more demanding requirements on the 
industry’s operations. During this era, the UK’s construction industry in particular has 
experienced acute pressure to modernize and improve its operations. Such concerns were 
best articulated in the Egan Report (Egan, 1998), which highlighted the main 
shortcomings of operations within the built environment. A significant problem area was 
significant levels of waste and rework that can be attributed to fragmentation and 
discontinuity of teams within the industry. The Egan Report specifically cited the use of 
new technologies in the design of building and components and in the exchange of design 
information as a potential solution.  
These issues highlighted above are not peculiar to the construction industry and there are 
also many similarities in the solutions being explored. One of the key technologies used 
to enhance team working is the Internet. Since the 1990s many organisations in the 
various sectors have embraced the use of the Internet in their business processes 
convinced that Internet-based communication technology would decentralize 
organizations by making information accessible to geographically distributed work 
teams, suppliers and partners. The evolving collaboration challenges are being matched 
by new Internet-enabled technologies and delivery mechanisms, which emphasise on 
flexibility and scalability.  
Many leading researchers have suggested that the Internet, by supporting communication 
throughout the development process and across the different parties, holds the key to an 
integrated, and therefore a more productive, construction industry. Existing literature is 
strewn with evidence demonstrating the potential of Internet-based collaboration for this 
industry (Bjornsson, 2000a, Björnsson, 2000b, Taylor & Bjornsson, 1999, Rakow, 2000 
and Vikkula, 2000). A synthesis of such views has defined a set of characteristics for an 
ideal information model. This has been depicted in Figure 1 as the desired information 
model.  
It is clear from the diagram that the construction industry’s ability to significantly exploit 
the Internet’s abilities depends directly on the existence of a central repository that 
creates a more versatile framework for capturing, storing and reusing information 
throughout a built asset’s life cycle. Such a repository connects players, projects and 
products of the construction process and its value lies in its ability to present information 
on the built asset as a detailed report comprising of, for example, CAD drawings and full 
product specifications. The format used in storage must also mirror the various players’ 
  1
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information consumption behaviour. Designers should, for example, be able to 
seamlessly pick and place product specifications from manufacturers’ predefined 
catalogues and define them in their own models. The data warehouse must provide 
interfaces that allow it to be operated on by panoply of analytic applications, such as 
CAD, estimating and scheduling tools, energy performance simulators and code 
compliance software.  
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Build
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Figure 1: Desired Information Model 
Source: Adapted from King, 2002 
If such a system existed, then the construction industry would have been perceived as a 
global village (at least digitally). The specification and procurement of construction 
products within such a system becomes a simple task and information is exported across 
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applications without significant investments in new infrastructure. With such a system in 
place, digitally held information on construction products is easily used throughout the 
construction phase in: 
• Servicing the design information needs; 
• Predicting and managing the sequencing and scheduling of building products in 
accordance with a master project timetable, and; 
• Storing material and equipment attributes for use during building operations or 
facility management phase.  
After a rigorous review of trends in Internet-enabled collaboration for the construction 
industry, Laiserin (2001) established that although existing systems have significantly 
exploited the Internet’s abilities to transcend space, time and competition, the industry is 
yet to realise the desired information model as depicted in Figure 1. 
Current information architectures and systems already meet many requirements such as 
availability of digital information on construction products. During the past ten years or 
so, the current electronic information age has experienced significant developments.  The 
increase in inter-networked environments has led to more electronic information 
becoming available to people. Yet networks of information present the electronic 
information community with a fundamental problem: digitally held information exists in 
incompatible formats within heterogeneous repositories. Subsequently, systems holding 
digital information have become ‘digital islands.’  
The problem is further exacerbated by the vast quantities of information that are available 
in these ‘digital islands.’ The total time spent locating and filtering through irrelevant 
information is quite substantial. There is a greater need for tools that help users to 
manage and navigate through the maze of digitally held information. Such tools must also 
be capable of integrating and communicating with disparate information repositories to 
minimise the effort spent re-keying in data.  
The increase in awareness of the potential digital information has led to the introduction 
of a wide range of services, such as the various product libraries, attempting to manage 
the substantial volume information that is becoming available. However, due to such 
services being heterogeneous and lacking in extensibility in their inherent functions, they 
further perpetuate the fragmentation within the construction industry. There is still a 
significant amount of effort expended in searching for relevant information on 
construction products, and when the information is finally located, reuse in a different 
application would require a user to re-key in data. 
All these issues were quite correctly diagnosed by a group of researchers as the ‘digital 
anarchy’ problem (Radeke, 1999). Ugwu et al (2002) affirmed the existence of such 
problems within the electronic procurement of construction products and highlighted the 
potential of software agents. This thesis documents further work done in subsequent 
research work, APRON (Agent-based Specification and Procurement of Construction 
Products).  APRON investigates the potential role of software agents in the effort to 
resolve the ‘digital anarchy’ problem. It is now a cliché that the precise definition of the 
term ‘software agent’ is controversial, so a pragmatic approach based on their established 
characteristics has been adopted in APRON. By automating routine and repetitive tasks, 
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agents can significantly reduce the problems related to digital information islands. 
APRON further demonstrated that certain aspects of the ‘digital anarchy’ problem require 
the use of other Internet-based technologies such as XML and Web Services. It resulted 
in a prototype system that demonstrated that an amalgam of these composite technologies 
would build the next generation of management tools.  
1.2 THE INDUSTRIAL CONTEXT 
APRON emerged from a partnership between Loughborough University and BIW 
Technologies. BIW, a construction-industry specific e-business portal, was launched 
towards the end of 1994 following encouragement by the UK government for increased 
Internet use in construction. The original BIW portal website was launched at the 
beginning of 1995. Its core feature was a free, searchable directory of building products, 
manufacturers, suppliers, contractors and other industry professionals. The company's 
core product was the BIW Information Channel, an innovative Web-based 
communications platform for the construction industry that sought to eradicate such 
problems as inaccurate, inadequate or inconsistent information in a project from inception 
through to facility management. The Information Channel sought to create a central 
repository of information about the built asset. It allowed users to access information 
exactly tailored to their needs. However, at the inception of APRON, the system lacked 
the ability to retrieve and manipulate information on construction products from the 
various manufacturers in an efficient manner. 
1.3 MOTIVATION FOR THE NEW APPROACH 
The specification and procurement of construction products challenges the frontiers of 
ICT (Information and Communication Technologies) due to the following peculiarities 
and complexity it inherits from the construction industry as a whole: 
• The existence of many different disciplines in a single project; 
• Physical dispersion of the project team; 
• The use of many different computing applications, and; 
• The time-related fragmentation (possible discontinuities across inception, design, 
construction and exploitation phases). 
In the 1990s, there was a prevalent view that the construction industry was characterized 
by inertia as far as embracing new technology was concerned (Egan, 1998). The success 
experienced by BIW Technologies (the sponsoring company) indicated that this view was 
slowly losing validity. Through a series of discussions with manufacturers, BIW had 
established that the market for building and construction products had become more open 
and competitive, particularly with the widespread adoption of Internet-based 
technologies. Manufacturers were free to move around the globe with their offerings and 
they competed as well as co-operated with each other. They needed to introduce new 
information on construction products quickly and required systems that would allow 
them to do so. Such changes in requirements resulted in doubts on the adequacy of the 
existing internet-held information on construction products. Exploratory work by the 
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company had resulted in LISP-based components within AutoCAD that interfaced with 
attribute-related information from selected manufacturers. The deployment of this 
initiative into a real-life application was challenged by the ‘digital anarchy’ problem. 
There was a need for a system that could automate extraction and structuring of 
information. The system also needed to handle heterogeneity in the display mechanisms 
used by product manufacturers. 
1.4 RELATED WORK 
Although a number of projects were reviewed throughout the duration of APRON, this 
section is limited to mentioning ones that are very closely related to it. The projects 
highlighted in this section have similarities with APRON in two ways. Some of the 
projects address an almost exact problem but utilize different approaches in the solution. 
The other projects address a generally similar problem with significant variations in the 
selected domain but the modelled solution is based on the use of the software agent-
paradigm.  
The fundamental challenge being addressed in APRON is similar to that addressed in the 
GENIAL project: the ‘digital anarchy’ problem (Radeke, 1999). The present use of the 
Internet in construction is characterised by closed markets that cannot utilise each other’s 
services and incompatible applications that cannot interoperate or build upon each other. 
The objective of GENIAL was to define an open architecture and to establish a common 
semantic infrastructure. The infrastructure allowed enterprises from different sectors to 
combine internal knowledge with knowledge accessed on-line and world-wide (Radeke, 
1999). GENIAL provided CORBA/Java-based software tools that allowed precise and 
efficient searches according to standard engineering classifications.  
The findings of the GENIAL project were extended in eConstruct. The focus of 
eConstruct was to develop an XML vocabulary (bcXML) for the European building and 
construction industry (Stephens et al, 2002). A second project that emerged from the 
GENIAL project was a collaborative project between Taylor Woodrow and 
Loughborough University, whose objective was to extend the discrete product search in 
GENIAL into a product schedule that could be used to perform product comparisons 
across different suppliers (Ugwu et al, 2002). APRON further extends this work: it 
utilizes the software agent paradigm to resolve the digital ‘anarchy.’ This theme was also 
the fundamental subject of e-bip, which resulted in a business-to-business Broker Service 
for SMEs (Small and Medium-sized Enterprises) in the construction tile supply chain 
(Thiels et al, 2002). The system developed in e-bip was not agent-based. 
The crux of the research undertaken in APRON is the extraction of raw data from semi-
structured information repositories. This problem has been tackled by a number of 
researchers using different approaches. Hammer et al (1997) implemented a Web 
extractor prototype using the Python programming language. In SEEK (O'Brien, 2002), 
Data Reverse Engineering (DRE) and Schema Matching (SM) processes were used to 
deploy a source wrapper for a legacy information system. Both SEEK and APRON focus 
fundamentally on the same theme, which is, overcoming the challenges of integrating a 
narrow range of information resident in heterogeneous legacy sources across the 
construction supply chain. The work done in APRON represents a significant departure 
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from SEEK in the implementation technology. The APRON prototype utilizes software 
agents to simplify the deployment and reduce the amount of low level coding necessary. 
There have been a number of projects focusing on the use of agent to enhance various 
aspects of design. For brevity, only a few examples of agent-based implementations in 
domains that are close to the specification and procurement of construction products are 
cited here. The ADLIB (Agent-Based Support for the Collaborative Design of Light 
Industrial Buildings) focussed on developing a multi-agent system (MAS) framework for 
the representation of the activities and processes involved in the collaborative design of 
light industrial buildings (Ugwu et al, 2000). Udeaja and Tah (2001) implemented an 
agent-based system for material supply integration in construction. In another project, a 
multi-agent architecture for the integration of design, manufacturing, and shop floor 
control activities was developed (Balasubramanian et al, 1996).  
Two other closely related agent-based projects are ProcessLink and RAPPID. 
ProcessLink was a project aimed at providing a technical infrastructure and methodology 
for integrating spatially distributed engineers, designers and their heterogeneous tools 
(Petrie, 1997). RAPPID (Responsible Agents for Product-Process Integrated Design) 
sought to develop a community of agents that help human designers to manage product 
characteristics across different functions and stages in the product life cycle (Parunak, 
1996). The agents in the RAPPID project represent design tools, professionals, design 
components and characteristics of each component, these agents trade in a marketplace 
and resolve conflicts among designers by trading with one another for design constraints, 
requirements, and manufacturing alternatives.  
1.5 THE RESEARCH TASKS IN CONTEXT WITH CURRENT 
TRENDS 
1.5.1 THE GENERAL RESEARCH CONTEXT 
The present Web provides links to documents and this has significantly enhanced human 
collaboration. However, a significant amount of work must be done to realize the original 
vision for the Web as described by Berners-Lee (1989). His goal was to create a ‘Web of 
data’ rather than a ‘Web of documents.’ Presently, efforts at the W3C (World Wide Web 
Consortium) are directed at achieving just that. Work being carried out focuses on 
providing links to information contained in the documents displayed on the Web. The 
W3C’s Web of the future will hold machine-processable information and it has been very 
broadly defined as the Semantic Web. It will allow people to find, share, and combine 
information more easily (Hendler et al, 2002). W3C has set out to define and link the 
Web in a way that it can be used for more effective discovery, automation, integration, 
and reuse across applications. The enabling technologies for the Semantic Web include:  
• XML - adds arbitrary structure;  
• RDF - provides common framework for representing metadata across many 
applications;  
• Ontologies - store formal definitions of relations among terms and;  
• Software agents – automate tasks.  
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The potential contribution of software agents to the success of e-business initiatives lies 
in their ability to collect Web content from diverse sources, process the information and 
exchange the results with other programs (Berners-Lee et al, 2001). Blake and Gini 
(2002), Blake (2002) and Samtami (2003) provide further information on the rationale 
behind the use of agent-based systems in business operations in the digital era. The 
approach adopted in the development of the APRON prototype is based on the premise 
that the Semantic Web is evolving and the paradigm of software agents is gradually 
becoming an indispensable technology for companies in the modern era. 
1.5.2 BUSINESS DRIVERS FOR CHANGE 
The case for agent-based specification and procurement of construction products was 
developed gradually during the project and reported in the published papers. Paper 3, in 
particular, focuses almost exclusively on this subject matter. Paper 5 builds on the basic 
arguments that emerged from earlier work and uses updated statistics to suggest that 
automation of the specification and procurement of construction products holds the 
prospect of providing a more accurate and efficient commercial operation in the selected 
domain. The main facts are as summarised in the subsequent paragraphs. 
The expansion in the use of the Web and its exponential growth are well known facts. 
However, a problem has emerged from the very core of the success of the Web. 
Available statistics quantify the significant problems related to the use of the Web in its 
present form. The Web has evolved into a very large, unstructured but ubiquitous 
database. It was estimated that just textual data on the Web is in the order of one terabyte 
(Baeza-Yates, 1998). Such information overload on the Web has resulted in substantial 
losses. KPMG (2000) established that two-thirds of 423 European and US organisations 
assessed in one survey suffered information overload and failed to share knowledge. A 
different study on the working habits of 6300 US employees established that on average, 
employees spent 8 hours a week (16% of their working week) searching for and 
processing external information. In the American business context, this translates into a 
financial cost of $107 billion a year (with each employee costing their firm $10,000 
annually). Such substantial financial loses underscore the need for change. 
The problems related to the use of the Web could also be assessed at the micro-level. 
During the past decade many organisations have invested in various components of 
information systems to support their business functions. There were great expectations 
that the use of Internet-enabled systems would improve productivity and reduce cycle 
times in various operations by collecting and providing the right information. A 
significant proportion of the forecasted gains is yet to be realised partly due to the lack of 
inter-operability between systems (Madhusudan, 2001).  An extensive study conducted at 
the Center for Research in Electronic Commerce (CREC), at the University of Texas-
Austin to assess the collaborative capabilities of companies also arrived at the same 
conclusion (Samtami, 2003). Collaboration has subsequently become more important for 
any company seeking to make the most out of e-business (Deloitte Research, 2002).  
Clearly, there is a need for Internet-based technologies that address the availability of 
information and the ability to seamlessly exchange and process it across different 
applications in different organisational units. This demand has in fact resulted in the 
emergence of a new term to define the next level of e-business: c-Commerce 
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(collaborative commerce). This term encompasses a set of techniques for building 
improved capabilities and integrating relationships between a company and key players 
within the value chain (Deloitte Research, 2002). With the e-business world growing at 
an unprecedented pace, new market realities are emerging. APRON exploited the existing 
infrastructure in agent technology and developed an application that addressed some of 
these challenges. 
1.6 STRUCTURE OF THE THESIS 
Chapter 1 introduces the rationale behind the research. It describes the ‘digital anarchy’ 
problem, the industrial context for the project and the motivation for the adopted 
approach. These issues are further discussed within the context of current research trends 
and the businesses drivers for change. Chapter 2 identifies the overall aim and the 
specific objectives of the research. It also identifies the various work tasks within each 
objective. Chapter 3 summarises the main methodological consideration and describes 
the methodology adopted in the research. The chapter also gives a general overview of 
the various research methods and tools used. The Chapter 4 describes the research work 
undertaken in the development of the APRON prototype. Chapter 5 discusses the key 
findings and implications of the research. 
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2 AIM AND OBJECTIVES 
2.1 AIM 
The aim of this research was to demonstrate the applicability of agent technology in 
construction industry specific initiatives to resolve the ‘digital anarchy’ problem. The 
research specifically proposed to build, deploy and evaluate an agent-based system for 
the specification and procurement for the specification and procurement of construction 
products. The agent paradigm was incorporated in the system to automate the execution 
of routine tasks. The top-level goal was to significantly advance the state of the art in the 
Internet-based support systems for the selected domain. This was based on the 
development of an agent-mediated environment to facilitate efficiency and effectiveness 
in the specification and procurement of construction products within an e-business 
framework.  
2.2 THE INDIVIDUAL OBJECTIVES 
The following specific objectives have been pursued in the research: 
• To investigate agent-based applications and the integration of agent technology 
with existing computer applications; 
• To develop a functional specification for the proposed agent-based system; 
• To implement an agent-based system for e-commerce in construction for the 
specification and procurement of construction products, which builds on existing 
construction applications; 
• To evaluate the system using appropriate test cases. 
2.3 THE RESEARCH TASK BREAKDOWN 
Table 1 shows the specific tasks undertaken for each research objective. The specific 
actions associated with these are discussed in great detail in the research methodology 
section. The scope of the first objective was broadened to accommodate a review of the 
current trends in agent technology. 
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Table 1: Research Tasks 
Objective Task 
Review of the current trends in the construction 
industry 
Describe the agent technology roadmap. 
Review of Agent technology applications in 
various sectors. 
Review of approaches to agent-based integration. 
State-of-the-art-review 
Assessment of requirements for integrating 
applications with selected existing 
applications. 
Establish requirements 
Identify of key functions to be included in the 
prototype 
Develop a functional specification 
for the proposed agent-based system 
Generate a functional architecture for the 
prototype 
Select development environment 
Refine architecture 
Prototype implementation 
Deploy the prototype 
Identify evaluators 
Prepare the test case 
Generate evaluation questionnaire 
Conduct the evaluation  
 
Evaluation of the system 
 
Analyse the results 
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3 METHODOLOGY 
3.1 BACKGROUND 
APRON was conceived as a sub-project of work was already in progress by the 
sponsoring company (this was undertaken by one of the founding members of the 
company who was an Architect by background). This comprised processing information 
from manufacturers’ catalogues and was strongly rooted in work that had been done by 
Visual Technologies in collaboration with BRE under the ARROW (Advanced Reusable 
Reliable Object Warehouse) initiative (Amor and Newnham, 1999).  
ARROW provided an Internet-based framework facilitating the identification of 
manufactured products meeting specific design criteria. This framework provided 
manufacturers with toolkits for mapping their product information into formats that could 
be utilised by ARROW. An AutoCAD demonstrator, which identified the closest 
matching manufactured product and imported the result as a DWG into an AutoCAD 
drawing, was implemented. Visual Technologies provided the technology for storing 
object information within the drawing. The import functionality was developed using 
AutoLisp script and Java classes.  
The research team at BIW had done further work on ARROW’s AutoCAD based models, 
which they now referred to as I-Components (intelligent components).  A key 
outstanding issue was establishing a mechanism for gaining structured data from 
manufacturers. BIW’s I-Components were modelled after the ARROW approach, which 
was largely dependent on convincing manufacturers to publish information in a new style 
(Section 5.5 in Chapter 5 explains the difficulties experienced in such efforts).  
BIW realised that an ideal solution had to automate the tasks inherent retrieval and the 
company started reviewing the trends in Internet-based information management. From 
the mid 1990s, researchers presented the concept of intelligent (software) agents as a 
panacea for Internet-related complexities. BIW quickly identified agent technology as a 
possible solution to their information retrieval challenges. The research team 
commissioned APRON as a project to investigate the potential of using agent technology 
in automating the retrieval of information from product manufacturers.  
The context was restricted to accessing product information from AutoCAD.  Issues 
related to defining the parameters for different products were deliberately excluded from 
the research. Though such issues are significant, there would not be an ideal test bed for 
new agent application (EURESCOM, 2000). Such issues have inherent complexities that 
would require the deployment of highly sophisticated user interface agents: a task that 
was perceived to be too challenging to be an objective of a pilot project/ proof of concept 
research. Developing agents to support the collection of knowledge, and therefore 
addressing the information overload problem as outlined in chapter one, must precede the 
refinement of context-aware agents that can diffuse information based on individual 
product characteristics. 
Agent technology was a totally new concept to the company and significant cultural 
problems were anticipated. Such problems were addressed during APRON’s specification 
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phase through gaining the support of senior managers, understanding their requirements 
and working with them to establish the most appropriate way to pilot the implementation.  
The research team at BIW had a clear understanding of outstanding issues that had not 
been substantially addressed using conventional technologies: manufacturers were 
displaying information in a heterogeneous, semi-structured or unstructured manner and 
had not readily adopted the suggested ‘new’ way of presenting their information.  
The context was further restricted by the company’s effort to diversify their potential 
customer base. The team at BIW had already done significant work on defining 
parameters for doors and importing such information into AutoCAD. There was a need to 
broaden their potential customer base by using different types of products in their 
research initiatives. The timing of APRON coincided with BIW developing a working 
relationship with Philips Lighting Company. This was identified as an ideal test case for 
the research. The requirement prescribed for the research was: automating the manual 
and routine tasks inherent in retrieving, filtering and structuring product information.  
Therefore, the scope of the research was to demonstrate that agent technology could 
address one of the key outstanding issues in the work that had already been started by the 
sponsor: namely, automating the handling of heterogeneous and poorly structured 
information of manufactured products using lighting products as an exemplar. 
3.2 METHODOLOGICAL CONSIDERATIONS 
Two main factors determined the research strategy adopted within APRON. The first 
factor was the industrial-based nature of the project. The project was conceived as 
practice-driven research and was therefore designed substantially differently from more 
traditional approaches. Four features in such research as identified by Zmud (1998) and 
inherent in APRON were as follows: 
• The industrial sponsors contributed to defining the phenomenon studied in the 
research;  
• The project’s end-point was revisited as more information became available; 
• The research was framed by the current understanding (held collectively in the 
minds of both the researcher and the sponsor) of a phenomenon, and; 
• The industrial sponsors reacted to and suggested revisions to the research design 
based on their understanding of the phenomenon, the situational contexts being 
examined, and the nature of the questions they wished answered regarding the 
phenomenon. 
These factors resulted in an iterative research strategy being adopted to allow work on the 
project to proceed in a non-linear manner. Based on this strategy, work in each phase 
could be modified without resulting in a complete overhaul of the evolving prototype. 
The second significant factor in the choice of the research strategy was the nature of the 
problem being addressed. The chosen subject area departs significantly from the 
‘conventional’ themes in built environment researches that are generally concerned with 
explaining extant physical phenomena. The terms of reference for the project clearly 
indicate that though APRON focuses on developing a system that attempts to remedy a 
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problem within the built environment, it largely hinges on computer sciences. This 
understanding was the main determining factor in the choice of research methods for the 
project.  
Evidence suggests that although several aspects of computer science can be traced to the 
natural sciences, mathematics, or engineering, there are substantial differences in both 
character and culture (Schneider and Rodd, 2001). Traditional methods of supporting and 
evaluating research as applied in this project must therefore be interpreted differently. 
APRON was designed as research in an experimental system. However, the experimental 
work undertaken did not attempt to understand an existing reality – it explored the use of 
agent technology to establish new approaches or abstractions. A research prototype was 
designed, built, deployed, and reviewed in order to evaluate the strengths and weaknesses 
of the agent paradigm as embodied in the prototype. The resulting prototype exposed 
implicit assumptions, key sub-problems, synergies and unanticipated uses that have been 
discussed in chapter 4. 
3.3 METHODOLOGY DEVELOPMENT 
The key phases in the research were: 
• Initialization; 
• The development of the fundamental prototype concept; 
• Development of requirements and identifying base technologies; 
• System design; 
• Prototyping, and; 
• Evaluation. 
Although these phases were essentially sequential, there were substantial overlaps. 
Consequently, the attainment of the objectives outlined in the preceding section was 
based an iterative development process. This strategy was validated by an exploratory 
exercise during the early stages of the project, which modeled a throwaway prototype. 
The exploratory exercise established that the various actions necessary within the project 
could not be divided into discrete tasks for execution in a serial manner. Iterative 
development added agility to the development process by allowing a number of related 
actions to be undertaken simultaneously. This was particularly useful as it provided a way 
of incorporating results of one action in what would normally have been preceding 
phases. The adopted strategy ensured that the resulting prototype adapted to changes in 
requirements. This process has been depicted as a matrix in Table 2. 
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Table 2: Research Development 
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The various actions in the adopted methodology are described in the subsequent sub-
sections. 
3.3.1 AGENT ROADMAPPING 
3.3.1.1 Background 
This involved gathering information from existing literature on the current state-of-
the-art and likely future directions in agent technology. Such information was collated 
to develop a coherent view of the development of the field, its application areas and 
likely barriers to adoption of the technology and satisfied the requirements of the first 
two objectives. In doing so, the following were specified: 
• The background to agent technology - a definition of the technology and a 
description of the origin of agent technology; 
• The state of the art in agent technology – a review of the existing technologies 
and the various experiences in the implemented applications; 
• The long term for the field – a description of the long-term problem that 
agents are trying to solve, possible benefits to be expected when agent 
technology matures, the commercial opportunities can be expected and the 
social impacts of agent technology; 
• The technology gaps between state-of-the-art and the long-term vision – an 
evaluation of the critical success factors, and the existing solutions to 
identified barriers. 
3.3.1.2 Discussion 
Definition: There are many divergent views on the exact definition of software agents. 
It was therefore necessary to develop a working definition. This task directly 
influenced the features of the APRON prototype. Software agents have been explored 
in this context from the viewpoint of leading researchers, who have focussed on 
defining agents using general characteristics. Brustolini (1991), Ferber (1999), FIPA 
Architecture Board (2001), Jennings et al (1998), Jennings and Wooldridge (1998) 
Lieberman (1997) and Maes (1994) have defined software agents using the following 
characteristics: 
• Software agents exist in an environment;  
• They can sense the conditions in the environment and such senses may affect 
how they act in future; 
• Software agents are adaptive and capable of learning;  
• They are proactive, exhibiting goal-directed behaviour; 
• They execute their tasks autonomously (that is, without human intervention).  
The adopted definition based on a synthesis of these characteristics is:  
‘Agents are systems capable of autonomous, purposeful action in the real world.’  
Agent Taxonomy: A single classification structure for agents remains an unresolved 
issue. Examples of different structures include the simple typology provided by 
Nwana (1996) and extended by Ugwu et al (1999).  Ferber’s (1999) has also provided 
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a classification system based on anticipation and reaction. The reviewed literature 
revealed that there are so many different structures for categorising agents that it is 
not possible to show all the different agent types in one diagram. The most holistic 
approach defines the primary base of all agents and allows users to create extensions 
from the base depending on the application domain. Franklin and Graesser (1996) 
proposed a taxonomy of agents analogous to the biological classification system 
based on this approach.  This taxonomy places autonomous agents at the pinnacle of a 
tree structure as depicted in Figure 2.  
 
 
Autonomous Agents  
Biological Agents Robotic Agents 
Software Agents 
Computational Agents 
Artificial life Agent 
 
 
 
 
 
 
 
Task Specific Agents Entertainment Agents Viruses  
 
Figure 2: Agent tree scheme 
Source: Franklin and Graesser, 1996 
 
The taxonomy defines software agents as a sub-class of computational agents, which 
in turn are a sub-class of autonomous agents. Extensions from software agents can be 
made on a number of schemes (Brustoloni (1991), Franklin and Graesser (1996), Gini 
(1999) and Jennings and Wooldridge (1998), including: 
• Tasks performed (for example, information gathering agents or email filtering 
agents); 
• Control architecture (for example, fuzzy subsumption agent); 
• Control structure;  
• Range and sensitivity of the agents’ senses; 
• Range and effectiveness of the agents’ actions; 
• Magnitude of the agents’ internal state;  
• The environment of operation (for example, database, file system, network, 
Internet); 
• Language;  
• Applications. 
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The agents deployed in the APRON prototype are task-specific software agents and 
the resulting prototype is an agent-based e-business application. 
Agent Applications: There have been several agent-based implementations since the 
1990s. A concise description of pioneer agent application can be found in Jennings 
and Wooldridge (1998). Some of the main applications are outlined below: 
• e-business: There have been a number of applications of agent-mediated e-
business applications  particularly in the brokering of consumer products such 
as CDs  (Maes et al, 1999, Nwana, 1998 and Sandholm,1998); 
• Utility networks: Companies such as BT plc, France Télécom, Telecom Italia 
S.p.A., Portugal Telecom S.A., Belgacom, S.A. de Droit Public, Telefónica 
S.A and eircom plc (EURESCOM, 2000 and O’Brien 2003) have used agent 
technology for such things as integration of the various network platforms 
(Busuioc, 1996) and general network management (Davison et al, 1998); 
• Military applications: The US Department of Defense was an early adopter of 
agent technology through such projects as Control of Agent Based Systems 
(CoABS) with a primary aim of enabling military operators to find mission-
critical intelligence and operations information (Schmorrow, 2002); 
• Entertainment: Agents have been used in entertainment applications to 
perform tasks such as providing an effective means of retrieving and filtering 
information by proactively recommending programs based on a TV viewer's 
interest (Yasuhiro et al, 2000); 
• Ambient intelligence: In this ‘new’ subject that emerged from the convergence 
of ubiquitous computing, ubiquitous communication, and intelligent user 
friendly interfaces (European Commission, 2001), agents have been used:  
o To exploit user context information in finding and composing 
semantically enriched services (Dogac et al, 2003), and; 
o To monitor air quality indices (Athanasiadis et al, 2003). 
• Bioinformatics: agents have been applied in the biological science domains in 
projects such as GeneWeaver to manage existing databases and analysis tools 
in an effective and flexible way and to facilitate easy and dynamic growth 
(Bryson et al, 2001). 
The literature review conducted in the research established that pioneer companies in 
the industry-based agent research and development were IBM, Siemens, BT Exact, 
Hewlett Packard, Republica, General Magic, Firefly and Autonomy. A number of 
these companies invested in the development of agent infrastructure. IBM’s shifted 
focus to autonomic computing, a systemic view of computing modelled after a self-
regulating biological system (URL4). Siemens and BT Exact invested significantly in 
agent development environments and produced MECCA (URL5) and Zeus (URL6) 
respectively. In companies such as Hewlett Packard (URL7), Republica (URL8) and 
Autonomy (URL9), agent technology was seamlessly integrated with their broader e-
business collaboration solutions. This strategy moved agents to operate in the 
background. Companies such as General Magic and Firefly experienced significant 
challenges in deploying commercial agent-based applications. General Magic 
developed the Telescript Agent Language but this was never implemented. Firefly no 
longer exists. 
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All these facts suggest that difficulties could be anticipated in deploying agent-based 
applications in the commercial context. However, it is important to understand that 
the various application domains have experienced different levels of success. Two 
application domains with contrasting experiences are telecommunications and e-
business. A review of the projects in these domains established that applications in the 
telecom sector are far more advanced than ones in e-business.  The telecom sector is 
well regulated as far as standards are concerned. This has resulted in the development 
of multi-agent decision systems that represent the various components of a 
telecommunications network and jointly seek to allocate scarce resources across the 
network and thereby manage the operation of the network. 
Agent-based e-business applications are still in the early stages of development and 
leading researchers suggest that there is likely to be a time lag of 3 to 5 years between 
research prototypes and real-life applications (Luck al, 2003). This had a significant 
bearing on the APRON prototype: its deployment to a large-scale application will 
have to be done in a gradual manner. 
Integration of agent-based systems: Chapter 1 described the trends in e-business and 
highlighted the emergence of c-Commerce concept. This has placed business 
enterprises under acute pressure to form Internet-based partnerships easily and 
quickly. The success of this form of business relationships is largely determined by 
the ability of all the players to have direct, rapid access to relevant data from their 
associates; their programs need to interoperate. It was therefore important to 
implement an interface between the APRON prototype and existing applications in 
the selected domain. A review conducted during the early phases of the project 
identified the main approaches to agent-based application as: 
• Using the blackboard architecture (Lander et al, 1995 and Lander et al, 1996); 
• Developing ontologies (Cranefield and Purvis, 1995), and; 
• ‘Agentification’ of legacy components (Genesereth, 1992, Genesereth & 
Ketchpel, 1994). 
The implemented APRON prototype was based on the ‘agentification’ approach and 
more specifically, the deployment of wrappers around existing applications. This was 
largely influenced by the modularized deployment strategy adopted in the project, 
which made it relatively easy to create interfaces for manipulating existing 
customization options such as VBA within AutoCAD. The ‘agentification’ approach 
presented a number of challenges (Singh et al, 1995) including: 
• Handling distribution: interfacing programs in a collaborative environment 
means making links to different locations across the network; 
• Handling dynamics: maintaining system run-time regardless of the status of 
the targeted programs; 
• Dealing with semantic mismatches.  
The challenges related to distribution and dynamics were addressed using object-
oriented programming. Semantic mismatches were resolved through providing a 
common ontology – APRON defined an XML schema for the deployment scenario. 
The final challenge was resolved through development tools that embodied 
functionalities for dealing with semantic mismatches. Researchers in agent technology 
have addressed the challenges related to semantic mismatch through the shared 
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abstraction approach (Patil et al, 1992 and McGuire et al, 1993). This approach is 
based on knowledge sharing. Researchers (Genesereth, 1992) have also made 
significant strides in developing universal communication languages such as the ACL 
(Agent Communication Language). The APRON prototype exploited the existing 
agent infrastructure and created agents that communicated using the ACL. 
3.3.2 DOMAIN ANALYSIS 
3.3.2.1 Background 
The development of the agent roadmap was done concurrently with an analysis of 
specification and procurement of construction products as a potential application 
domain for agent technology. This involved identifying the existing problem within 
the core activities and the various opportunities for improvement. During the early 
phases of the project, this action was primarily based on a review of existing 
literature, but as the project advanced towards prototyping, it became necessary to 
validate the theoretical concepts through the case study methodology. It was also 
necessary to repeatedly review the scope of the problem to accommodate constraints 
such as time and labour.  
The primary output of these two actions was a general overview of agent technology 
highlighting the historical perspective, current state-of the art, likely future directions 
and the implications for application development in the selected domain.  
3.3.2.2 Discussion 
The research problem was refined through an evaluation of the existing Web-based 
portals supplying information to support the specification and procurement of 
construction products. The key outcome of this activity was the a general description 
of the functional specification for the proposed APRON prototype as described in 
Paper 4. 
The McGraw Hill Sweets Product Library (URL 10) was selected for use in a case 
study conducted to do just that. Its qualification for study was based on its influence 
and representation. The library has an influence in the construction industry in terms 
of scale and popularity. It also has a structured and comprehensive database of 
product manufacturers under various categories.  
The central question in the assessment of the repository was establishing its 
performance in supporting seamless information flow in the specification and 
procurement of construction products. The case study revealed a number of problems 
related to the content of the library and collaboration support. The repository has a 
structured and comprehensive database of product manufacturers under various 
categories. From the home page, one has to manually follow links to the Products 
Centre from which they can either use a search engine or browse to view a list various 
companies offering a desired product as depicted in Figure 3. This company listing 
provides links to Web sites hosted by different companies. It does not have links to 
the actual information on existing products.  
In an exemplary scenario, lighting bulbs were specified as the search parameter. The 
search facility failed to recognise the specified terms as acceptable parameters. The 
navigation style was then switched to manual browsing and although the desired 
information on product specifications was finally accessed, the process was serial and 
tedious. It involved browsing through 111 companies listed under the electrical 
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section and manually following links to various product listings for each of these 
companies.  Navigation in this digital space is quite similar to searching paper-based 
catalogues. This diminishes the value of going digital and the process has failed to 
eradicate the paper-based communication patterns and sequential work methods that 
depend on paper. All these problems are summarised in Figure 3.  
 
Sweet’s Online Home Page 
Products Page 
Products Centre  
Search Facility Manual Browsing 
Product Division 
Company listing 
The problem 
• Search parameters are not comprehensive: the 
search engine failed to retrieve information on existing 
lamps during the review; 
• Navigation is tedious and time-consuming; 
• Reflects a ‘Web of pages’ rather than a ‘Web of 
data’:  there is no direct link to the desired information 
Figure 3: The Existing Digital Sources 
  
As far as collaboration support was concerned, the Library failed to address the fragmentation and the 
discontinuity of teams within the industry. True collaboration support would require a system that 
makes it easier for multiple participants to share information interactively and asynchronously. Sweet’s 
Library provides links to Web pages holding documents posted by various manufacturers; it does not 
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provide a mechanism for making the information in the documents more accessible across the building 
team. 
Some of the links in the evaluated portal lead to CAD drawings that could be exported to end-users’ 
applications.  However, these were generally standalone CAD drawings and models, which did not 
represent the building products as both objects and elements. Such drawings and models lack interfaces 
to the rest of the information on product specification in the product catalogues. They cannot be readily 
passed on to a different user without an element of re-keying of data.  
Clearly, there is still a need to improve things further and make the use of Internet more versatile as far 
as capturing, storing and reusing information throughout a built facility’s life cycle is concerned. The 
domain analysis revealed that existing systems lack the ability to define the components of the final 
product as a detailed report that could be used across the various construction phases by the various 
disciplines regardless of their IT systems.  
The results of the domain analysis established that despite the massive increase in the availability of 
Internet-based information on construction products, the potential gains in productivity remain 
unrealised. This can be attributed to the absence of effective structures for managing information. 
Unfortunately, as more information becomes available, the potential seriousness of this problem also 
increases. APRON has attributed these problems to the factors described in Table 3. 
Table 3: The Factors behind the Problems 
Factor Description 
Volume With the amount of information available on the Internet 
accruing to at least 1 tetra byte, end-users experience difficulties 
in absorbing, filtering and analysing the volume of data. 
Understanding Potential end-users cannot anticipate and plan solutions for any 
possible information complexities. 
Flexibility End-users must adapt to the different requirements when dealing 
with information from multiple sources – each manufacturer has 
a unique display strategy. 
Information 
detection 
The existing systems lack an efficient search mechanism and do 
not provide end-users with any means of determining the 
existence of relevant information. 
Access The existing systems bring back documents rather that the 
desired information on construction products. 
Relevance Because the existing systems lack efficient search mechanisms, 
the end-users are unable to filter out relevant information. 
Validation There is no efficient mechanism of establishing the accuracy and 
quality of the obtained information. 
Monitoring The existing approaches lack long-term coverage – they do not 
proactively detect updates. 
 
The contention in APRON is: tackling the problems cited above is of strategic importance in the 
specification and procurement of construction products. The UK’s construction industry has been under 
great pressure to radically improve its performance and a good framework for managing Internet-held 
information is imperative if the construction industry is to successfully respond to this challenge. 
Moreover, with the Internet transcending physical boundaries, the market in which construction firms 
operation has changed and is continuously evolving. A good system of managing Internet-held 
information would provide leverage and competitive advantage in this context.  
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3.3.3 REVIEWING TOOL SUPPORT 
3.3.3.1 Background 
The aim of APRON was to develop an application to validate the applicability of 
agent technology in the specification and procurement of construction products using 
the existing agent infrastructure. It was therefore necessary to review the existing 
tools and technologies. This affected the scope of the defined problem. A few of the 
existing development environments were used to develop the early versions of the 
developed prototype, which had highly restricted functionality. It then emerged that 
the existing tools were not sufficiently developed in terms of delivering an entire 
system that would address the identified problems in the selected domain. 
Consequently, the designed system was re-defined to be implemented as linked 
modules that could be developed separately using different tools. After a number of 
iterations, these actions resulted in an executable prototype exhibiting the core 
features of the designed system. 
3.3.3.2 Discussion 
There was experimental usage of several tools during the early phases of the 
prototyping process. AgentTool adequately supported the tasks in the design phase. 
However, the process was less straightforward when the actual development work 
started.  
A number of tools were used in an exploratory way to develop the early versions of 
the prototype. This included ZEUS, AgentBuilder and JADE. It was then established 
that none of the existing development platforms was stable enough to fully provide 
the desired operational environment. None of the reviewed tools provided 
functionalities for developing all the features of the prototype as defined in the 
functional specification given in Paper 4. This confirmed the view that agent 
technology is still maturing.  
The designed system was re-defined and implemented as linked modules that could be 
developed separately using different tools. The final choice of the tools used in 
developing the various components was based on identifying the development 
environments that resulted in extensible outputs. The selection considerations were as 
follows:  
• APRON was to be developed using tools that were either Java-based or could 
easily incorporate interfaces with Java components; 
• Low-level programming had to be kept to a minimum; 
• The resulting prototype had to run on a server to minimise investment in new 
infrastructure; 
• The interface with the end-user had to exploit the customisation options in the 
existing applications (VBA in AutoCAD). 
With the available literature not being very clear on the exact functionality of the 
existing tools, the entire development exercise ended up being a series of trial-and-
error activities and several early versions of the prototype had to be discarded. There 
is a need for researchers developing such tools to collate their efforts. The resulting 
APRON prototype revealed that the functionalities of the existing tools complement 
rather compete with one another. 
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3.3.4 PROTOTYPING 
3.3.4.1 Background 
This followed the conventional software engineering logic comprising (Information 
Systems Engineering Library, 1993): 
• Needs analysis; 
• Scoping the scenario; 
• Drawing the requirements; 
• Generating the specifications; 
• Designing fence lines, and; 
• Deploying the designed system. 
The entire process was evolutionary as depicted in Figure 4: 
 
 
Define system
deliverables
Design system
architecture
Deliver final
system
Specify system
increment
Build system
increment
Validate
system
Validate
increment
System
complete?
Integrate
increment
 
NO
YES
 
 
 
 
 
Figure 4: Prototyping Process 
Adapted from Information Systems Engineering Library, 1993 
 
Throughout the product development, there were a number of ‘in-house’ evaluation 
exercises, which resulted in a number of modifications as depicted Figure 5.  
This strategy of reconfiguring and improving the prototype through several solution 
cycles was an adaptation of the method used by Bottcher and Suhl (1999).  The 
starting point has been depicted as the basic scenario. It involved defining the general 
problem: integrating the Philips Lighting Catalogues into a Web Portal. This was 
developed into a basic APRON model comprising of a number of discrete tasks as 
listed below: 
• Accepting requests from the end-users; 
• Reasoning on the information provided by the manufacturers, and; 
• Displaying responses to the end-users. 
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Figure 5: The Spiral Model 
It was then established that construction product manufacturers have adopted a semi-
structured way of presenting information in their Web site. It therefore became 
necessary to include a number of modules to download the files, extract the 
information and structure it into a structured format. These functionalities were 
packaged into an application that constituted the first prototype. Through subsequent 
evaluation and project planning, scenario variation and solution variation, some 
manual aspects of the first prototype were automated. This resulted in a prototype 
exhibiting the core functionalities of the conceptual model. The next step involved 
detailing a scenario for hosting the prototype on the Web. A detailed APRON model 
in which the prototype was packaged as a Web Services was developed. This was 
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extended through further evaluation and refinement to include a client application for 
the end-users. 
3.3.4.2 Discussion 
The design and development of the APRON prototype demonstrated the feasibility 
and viability of the adopted approach. The key results from the prototyping process 
are summarised below: 
• An assessment of the existing e-business solutions that identified gaps in the 
technical capability to automate B2B integration; 
• A roadmap on how e-business can be used to increase efficiency by 
minimising human involvement in the search, manipulation and storage of 
information on construction products; 
• A ready-to-use reference implementation of an e-business framework for the 
specification and procurement of construction products (the integration of the 
various technologies and paradigms to resolve the ‘digital anarchy’ problem); 
• An implementation of a robust, attribute-based, information retriever that runs 
from an end-user’s existing systems using additional service specific 
components installed on the Server of an Information Provider;  
• A demonstration of the complementary nature of the different approaches – 
although the final prototype was largely an agent-based system, it only works 
in conjunction with other paradigms such XML and Web Services; 
• A proof of concept demonstrator.  
All these facts established that there is room for systematic improvement in the 
Internet-based specification and procurement of construction products. The successful 
implementation of the APRON prototype demonstrated that it is possible to draw on 
the body of knowledge developed in agent technology and use this as the basis for 
systematic improvement in the selected application domain. 
3.3.5 SYSTEM EVALUATION 
The primary function of the prototype was providing a more efficient and effective 
means of retrieving, manipulating and storing information within the specification and 
procurement of construction products. This was used as the crucial test for 
determining the success of the development process. The evaluation plan comprised 
four key actions described in Table 4.  
The major outcome of the evaluation process was a set of recommendations for the 
research community (e.g., content gaps) and another one for industry (e.g., 
collaboration opportunities). Such outcomes were further modulated to take into 
account external factors such as the economic forces. This was used to define the 
future outlook for agent-based specification and procurement of construction 
products. 
3.4 QUALITATIVE RESEARCH METHODS 
The research issues investigated in this thesis are both broad and complex. In order to 
lend rigor to the scientific investigation of these questions, a combination of 
techniques was employed. 
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Table 4: Evaluation Plan 
 
Action Description 
Reviewing conceptual system During the early stages of the 
project, various paper prototypes 
were developed and re-designed 
severally as the scope of the 
project became more restricted. 
Designing the evaluation structure A matrix of requirements, which 
could be used as a checklist 
during evaluation, was generated 
during the system design phase. 
System evaluation This involved testing the 
prototype as it evolved and 
validating the final prototype’s 
effectiveness and efficiency 
through a demonstration to a 
panel of carefully selected 
reviewers. 
Verifying the system and re-
evaluating deployment possibilities 
This involved a retrospective 
analysis of the entire development 
process to pick out the major 
implications for of the study in 
specific terms for stakeholders 
within the research community 
and practitioners in the industry.  
 
 
3.4.1 LITERATURE REVIEW 
The aim of the literature review was to describe and critically appraise studies 
reporting agent technology and the outcomes of efforts to implement applications in 
various domains (Fink, 1998 and Hart, 1999). It also provided further insight into the 
problems in the specification and procurement of construction products and the 
various challenges in efforts to deploy internet-based systems to support the necessary 
processes. 
3.4.2 CASE STUDY 
From the research objectives outlined in a preceding section, it is clear that a key 
outcome of the research undertaken was a ready-to-use reference implementation of 
an agent-based application in the selected domain. It was therefore necessary to 
closely evaluate the existing Internet-based systems during the application scenario 
development. Case study qualified as an ideal research method as it provided the 
means to conduct a holistic, in-depth investigation (Feagin, Orum, & Sjoberg, 1991, 
Tellis, 1997 and Yin, 1994) during the domain analysis. Chapter 5 provides further 
details on its use in the selection and evaluation of the Sweet’s Product Library. 
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3.4.3 FOCUS GROUP 
The industrial context of APRON made it mandatory to establish proof of concept 
through a working demonstrator of the implemented prototype. The use of focus 
groups provides in-depth understanding of the views of possible end-users (Krueger 
and Casey, 1994). It was therefore adopted as an evaluation strategy for understanding 
the possible end-user perception on the adoption of an application based on the 
APRON approach. This is further discussed in Chapter 4. 
3.5 TOOLS USED 
The final prototype was developed using a number of technologies as described in the 
subsequent subsections. 
3.5.1 AGENTTOOL 
This was used during the early stages of system development to formally specify the 
required structure and behaviour the envisaged multiagent system (URL1). AgentTool 
facilitated the definition of high-level system behaviour graphically. This definition 
comprised the types of agents in the system as well as the possible communications 
that may take place between agents.  This resulting system-level specification was 
then refined for each type of agent in the system.   
3.5.2 JADE 
JADE (Java Agent Development Framework) was used to simplify the 
implementation of the multi-agent system (URL2). It is a middle-ware system that 
complies with the FIPA specifications (FIPA, 2000). JADE provided a set of 
graphical tools that supported the debugging and deployment phases. 
3.5.3 X- SUITE 
Some elements of the agent-based prototype were developed using X-Suite. This tool 
was particularly useful in the development of the components responsible for 
extracting and structuring information on construction products from the 
manufacturer’s Web site. 
3.5.4 OTHER TOOLS 
Tools that were used to provide supporting infrastructure for deploying the APRON 
prototype are described in Table 5.  
 
Table 5: Other Tools 
 
Tool Supported Component
Borland Delphi Client application 
MS Access Database system 
JBuilder Java components 
XPDF PDF Text Extraction 
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3.6 SUMMARY 
This chapter has defined the research methodology adopted in APRON and 
highlighted the key determining factors in the choice of the research strategy. It has 
established the peculiarity of APRON and used this to justify the interactive 
development approach that was used to achieve the defined objectives. The section 
has also identified the qualitative research methods that were used in the domain 
analysis and analysis of the findings. A summary of the specific tools used in the 
prototyping was also provided. 
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4 THE APRON PROTOTYPE 
4.1 APPLICATION SCENARIO DEVELOPMENT 
4.1.1 INTRODUCTION 
The findings of the domain analysis as documented in chapter 3 revealed a number of 
problems in the conventional Internet-based systems for the specification and 
procurement of construction products. This notwithstanding, it was still necessary to 
establish the appropriateness of the proposed agent-based approach in the selected 
context. This was performed through an assessment based on the following rationale - 
agents are useful in domains with systems that:  
• Have multiple components; 
• Exhibit dynamic changes; 
• Handle large quantities of information from multiple, heterogeneous sources, 
and; 
• Require autonomous behaviour. 
The specification and procurement of construction products emerged as an ideal 
application domain for agent deployment as documented in Papers 1, 2 and 3.   
4.1.2 ‘THROWAWAY’ PROTOTYPING 
The industrial research context in which APRON was initiated lacked expertise as far 
as agent technology and the team leader could therefore not provide a prescriptive 
brief for the system specification.  This frustrated the accomplishment of tasks within 
the design and specification phase of the project. Throwaway prototypes were built to 
tackle this problem. They were used to derive a set of proposed system requirements. 
These prototypes were mainly realised through mapping as discussed in the 
subsequent sub-sections. 
4.1.2.1 ENVISAGED USE CASES  
Search Agent Registration: The core agent in APRON is a Resource Broker, which 
oversees all the other agents and also offers directory services. When a new Search 
Agent comes online, it registers itself with a Resource Broker as shown in Figure 6. 
 
SearchAgent ResourceBroker
Register
Acceptance
 
Figure 6: Registration 
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Searching: Figure 7 shows a typical search scenario: 
 
ResourceBroker System SearchAgent
Search Agent Request
Available Search Agents
Search Request
Workload Update
Search Results
Workload Update
 
Figure 7: Typical Search 
 
 Impatient User: The Search Agent forwards the current results to the system, which 
in turn reports the interim results. Figure 8 shows this use case: 
 
System SearchAgent
Search Request
Request Interim
Search Results
 
 
Figure 8: Requesting Interim Results 
Cancellation: After submitting a request, the user may decide to cancel the search. 
The Search Agent ends the search and forwards the results to the system as shown in 
Figure 9. 
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System SearchAgent
Cancellation
Search Results
 
Figure 9: Search Cancellation 
 
4.1.2.2 AGENT FUNCTIONALITY  
AGENT GOALS: Much of APRON functionality that was cited in an earlier section 
will be achieved through the activities of agents in the system. Some requirements are 
presumed within other agent roles. For example, the system has to start up to interface 
with the user. Figure 10 depicts a hierarchical view of goals to be achieved by the 
system. 
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1 APRON System
1.1 Allow  users to search
multiple repositories for
products containing a
specif ied string
1.1.1 Allow  user to specify
input string and search
parameters
1.1.2 Search repositories
for specif ied string
1.1.3 Report results to the
user
1.1.4 Allow  user to
resquest intermediate
results or to stop the
search
1.1.1.1 Request Input 1.1.1.2 Accept Input
1.1.2.1 Determine
available systems for
searching
1.1.2.3 Compile
Results
1.1.3.1 Rank and
format results
1.1.3.2 Display
results
1.1.4.1 Request
Interim Results
1.1.4.2 Cancel
Search Request
1.1.2.2 Search system
for string
 
Figure 10: Hierarchical View of Agent Goals 
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Agent Roles: In order to achieve these functions, three categories of APRON agent roles 
will be created. These roles and their respective tasks and protocols have been depicted in 
Figure 11. The enumerated labels in the roles, for example 1.1.1, refer to the goals shown 
in the Figure 10. 
 
 
RegistationRegisterSearchAgent
MaintainSearchAgentStatus
MaintainSearchAgent SystemSearch ProductSearch
ResourceBroker
1.1.2.1
SearchAgent
1.1.2.2
System
1.1.1
1.1.1.1
1.1.1.2
1.1.3
1.1.3.1
1.1.3.2
1.1.2.3
1.1.4
1.1.4.1
1.1.4.1
SearchRequestSearchAgents
StatusUpdate
Register
 
 
Legend: 
 
Element Symbol
Role 
 
 
Task 
 
 
Protocol 
 
 
 
 
 
 
 
 
 
Figure 11: Agent Roles 
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In addition to the goals specified above, the System will also be responsible for 
automating the wrapping of information from sources in different formats and structuring 
the output to display in both desktop PCs and mobile devices such as mobile phones and 
pocket PCs. This flexibility in functionality has been depicted in Figure 12. 
 
 
LEGACY DATA: 
MULTIPLE FORMATS
WRAP 
 
REPORT 
CHANGES
      XSLT 
 
UNIFIED  
XML
  DESKTOP
MOBILE 
DEVICES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: Information Flow Flexibility 
APRON will have an interface to legacy data multiple formats. The initial prototype will 
be aimed at accessing PDF files and unstructured information in HTML format. These 
will then be converted into XML documents using a specified schema. The search agent 
will then filter through the XML documents and find a product match. The result of the 
search will then be compiled into a report, which can be displayed in different devices as 
specified in the XSLT. 
Agent Communication: Figure 13 shows an agent template depicting how the three agent 
categories will communicate with one another.  
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Figure 13: Inter-Agent Communication 
The blocks represent agents that serve the roles that had been previously depicted in 
Figure 11. Inter-agent communication between the agents is represented by 
conversation18_1 to conversation27_1.  These labels for the conversations have been 
selected randomly. These conversations tally with the protocols previously given in 
Figure 11 for the executions of various tasks and roles. Table 6 matches the protocols in 
Figure 11 with the corresponding conversation(s). The conversations have not been 
enumerated in any order. 
Table 6: Agent Communication 
Agent Role Task Conversation 
Register Search Agent 18_1 
Manage Search Agent 19_1 & 26_1 
Broker ResourceBroker
Maintain Search Agent 
Status 
25_1 
SearchInterface System System Search 20_1, 21_1, 22_1, 
19_1, 26_1, 23_1 & 
27_1 
SearchAgent Registration 18_1 ProductFinder 
 Product Search 20_1, 21_1, 22_1, 
23_1, 25_1, 25_2 & 
27_1. 
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4.1.2.3 Proposed apron architecture 
Based on a synthesis of the requirements derived from the development of throwaway 
prototypes a conceptual architecture was mapped. This has been depicted in Figure 14.  
Though this architecture was used as a template for launching the prototyping process, it 
was redefined a number of times into a final set of requirements for the implemented 
prototype. The final functional requirements for the APRON system have been outlined 
in Paper 4.  The subsequent sections describe the implemented prototype. 
 
User
APRON System
External Information
Sources
Local Database
Start
Request
Input
Input
Request
Report
Report
Request
feedback
feedback
Stop
Search
Search
Results
Results
 
Figure 14: Conceptual APRON Architecture 
4.2 THE IMPEMENTED APRON ARCHITECTURE 
In this section a high-level architectural view of the APRON prototype is presented. The 
functional capabilities of the prototype in the business context were initially outlined 
initially in Paper 4 and further refined in Paper 5. 
4.2.1 THE APRON FUNCTIONAL COMPONENTS 
The implemented APRON prototype was modelled using the established 
mediation/wrapper methodology that was used in, for example, the InfoSleuth prototype 
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(Bayardo et al, 1996) and the SEEK prototype (O’Brien et al, 2002).  In this approach, 
the developed solution comprises a software middle layer between the semi-structured 
repositories of construction products and the end-user applications utilised in 
specification and procurement. This is depicted in Figure 15.  
 
Semi-Structured Web-based 
Product Information 
 
An information Provider’s Web site 
 
 
 
 
The APRON Web Service
Client Application (eg., AutoCAD)
Structuring Module
Search Module Procurement Module 
Database Module 
Download Module Extraction Module 
Standards 
(e.g. bcxml) 
 
Figure 15: The Implemented APRON Prototype System 
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There are three distinct, intercommunicating layers. The construction product 
manufacturers occupy the top level in the architecture. They display details of the various 
product offerings as semi-structured data on the Internet. The kernel of the architecture is 
the e-marketplace of an Information Provider, who uses the Internet to ensure that 
requisite project information is available to all the key players in the construction project 
supply chain.  
The e-marketplace hosts the APRON solution, which consists of the Download, 
Extraction, Structuring, Database, Search and Procurement Modules. The e-marketplace 
also hosts a repository of relevant standards that can be used as XML schemas for 
structuring the extracted information. The final layer comprises the end-user firms in the 
specification and procurement of construction products. The focus in these firms is 
providing an automated interface to the computing applications used by specifiers and 
procurers. A client application has been deployed to allow such end-users to 
communicate with the APRON Web Service.  
The APRON system provides a link between the Web site holding product information 
and the applications used in the specification and procurement of construction products. 
The Download Module maintains real-time access with these Web sites. Text is then 
extracted from the downloaded file, and using previously defined XML schemas, 
structured into a context-specific format. Industry standards, such as ifcXML and 
bcXML, can be easily adopted and used to create an XML template for structuring the 
extracted information. The APRON system also stores the relevant information in a 
database. Information for the specification and procurement of construction products is 
obtained from this database. Specifically, APRON, provides a Web-based search engine, 
which can be used to execute context-specific queries for construction products. The 
APRON solution also offers a framework for automating the procurement of specified 
products. The Procurement Module has two types of agents: a buyer agent and a seller 
agent representing product procurers and product sellers respectively.  The two agents 
exchange requisite information and automate the transactions involved in the 
procurement of construction products. 
4.2.2  DEPLOYMENT SCENARIO 
4.2.2.1 The Target Source 
The example implemented in the APRON prototype focuses on processing product 
information for the specification and procurement of light bulbs from the Philips Lighting 
Web site (URL3). The site hosts close to 200 catalogues in Adobe Acrobat PDF format 
(Figure 16). The information that would be of interest to an end-user such as wattage, cap 
size and voltage is presented in a semi-structured format. 
The Web site does not have a search facility that would support guided navigation based 
on, for example, attributes such as wattage and voltage. It is also not possible to query the 
information directly from any another application. Furthermore, relevant data has to be 
re-keyed for reuse elsewhere. It is therefore necessary to educe the contents of the light 
bulb table from the underlying Web page displayed in Table 7. 
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Figure 16: Philips Lighting Web site 
 
Table 7: A snapshot of the Lighting Bulb Information Source 
 
 
 
4.2.2.2 APRON functionalities  
APRON offers support for the e-marketplace to create an extended enterprise at two 
levels: 1) Supporting a designated portal administrator; 2) Supporting an ‘ordinary’ end-
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user. Web portal solutions already package their solutions in a manner that restricts 
access to certain ‘sensitive’ capabilities to designated portal administrators.  Within the 
APRON framework, an administrator is the only party authorised to access the 
Download, Extraction, Structuring and Database Modules.  These are Java-based 
modules implemented as software agents using the X-Fetch Suite, comprising an 
AgentServer, which acts as mediator/ facilitator. 
The APRON system ensures that the data is as current as possible. A designated 
administrator presets the Download, Extraction and Structuring Modules to execute at 
preferred intervals. The initial download, extraction and structuring cycle must be 
executed before the end-users present their first request for information to avoid delays in 
response time. 
The URL for the target Web site has been specified within the Download Module. It is 
assumed that many specifiers/ procurers of construction products have preferred suppliers 
with whom they have established a working business relationship over time. Should there 
be a need to access information from other Web sites, an administrator can easily broaden 
the relevant agent’s to roaming habits on the Internet.  
The scope of the Download Module was specifically restricted to handling product data 
displayed in the Adobe Acrobatic PDF format. This was based on an informal review of 
various Web sites, which established that the PDF format is the most widely used format. 
However, the format restriction does not suggest that different formats cannot be handled. 
Experimental runs of prototype proved that the scope of APRON could be easily 
broadened to accommodate many other formats such as HTML.  
Listing 1: Extracting Product Column Titles 
    <mark action="go"/> 
   <extract type="over" expression="Commercial product name"/> 
   <extract type="re_upto" expression="[a-zA-Z]"/> 
   <extract type="upto" expression=" " register="title_1"/> 
   <extract type="re_upto" expression="[a-zA-Z]"/> 
   <extract type="upto" expression=" " register="title_2"/> 
   <extract type="re_upto" expression="[a-zA-Z]"/> 
   <extract type="upto" expression=" " register="title_3"/> 
   <extract type="re_upto" expression="[a-zA-Z]"/> 
   <extract type="upto" expression=" " register="title_4"/> 
   <extract type="re_upto" expression="[a-zA-Z]"/> 
   <extract type="upto" expression=" " register="title_5"/> 
 
   <convert conversionset="toXML"> 
    <register name="title_1"/> 
    <register name="title_2"/> 
    <register name="title_3"/> 
    <register name="title_4"/> 
    <register name="title_5"/> 
   </convert> 
   <repeat> 
 
 
 
 
 
 
 
 
 
The Extraction Module is an optional module included in the implemented prototype 
because the target PDF files were not in ASCII format. The Extraction Module educes all 
the text from such a source. This is then fed into the Structuring Module, which utilises 
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the capabilities of the X-Fetch Suite to structure the extracted information into XML 
format.  
The Structuring Module parses the source file based on the specification file shown in 
Listing 1. This file uses an XML template, which qualifies the input text to be considered. 
When the program is executed, the specified texts are used to excerpt the various 
attributes of light bulbs.  This module uses the DEL (Data Extraction Language). The 
first 10 lines in Listing 1 extract the column titles. These are registered and stored as 
element names or tags to be used in the structured XML document. 
The code in Listing 2 extracts all the relevant product data from the source. An XML file 
is generated using the extracted column titles as element tags and the product details as 
values. An excerpt of the resulting XML file is depicted in Listing 3.  Modifications on 
the source file will overwrite the original output file in subsequent executions of the 
Structuring Module. 
Listing 2: Extracting Product Attribute Values 
 
 
    <extract type="re_upto" expression="\r?\n[a-zA-Z]"/> 
    <extract type="re_over" expression="\r?\n"/> 
    <extract type="upto" expression="  " register="ti_1"/> 
    <extract type="re_upto" expression="[0-9a-zA-Z]"/> 
    <extract type="upto" expression="  " register="ti_2"/> 
    <extract type="re_upto" expression="[0-9a-zA-Z]"/> 
    <extract type="upto" expression="  " register="ti_3"/> 
    <extract type="re_upto" expression="[0-9a-zA-Z]"/> 
    <extract type="upto" expression="  " register="ti_4"/> 
    <extract type="re_upto" expression="[0-9a-zA-Z]"/> 
    <extract type="re_upto" expression="\r?\n" register="ti_5"/> 
 
 
 
 
 
 
 
 
 
 
 
 
Listing 3: The Output XML file 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is important to n
the source data form
 <product> 
  <Type>CAPSULEline Pro</Type> 
  <Wattage>10W</Wattage> 
  <Cap_base>G4</Cap_base> 
  <Voltage>12V</Voltage> 
  <Ordering>409706 50</Ordering> 
 </product> 
 <product> 
  <Type>CAPSULEline Pro</Type> 
  <Wattage>20W</Wattage> 
  <Cap_base>G4</Cap_base> 
  <Voltage>12V</Voltage> 
  <Ordering>402103 50</Ordering> 
 </product> 
  ote that the resulting XML file would have been created regardless of 
at. The Data Extraction Language reasons on different file formats in 
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the same way.  However, for this code to work on a different source file, in a different 
format and from a different Manufacturer, it is imperative to have consensus on the key 
attributes that define a selected construction product. Such consensus can be arrived at 
through the existing standardization efforts. However, the existing standards are still 
developing and are not yet robust enough (Froese, 2003).  
The information that is downloaded from manufacturers’ Web sites is only temporarily 
stored on the server. Once product data has been presented in a structured format, the 
APRON system provides a component (Database Module) that allows administrators to 
create permanent data stores of the information. The designated administrators have 
authorization to create and update databases for the structured data. MS Access was used 
for APRON’s Database Module. This component can be easily adjusted to accommodate 
other types of databases. 
4.2.2.3 Accessing the Structured Data 
An important goal of APRON is to simplify tasks for end-users. Such parties can interact 
with APRON in two ways: 1) Using a Web-based interface 2) Using a client application. 
The Web-based interface comprises a Search Module and a Procurement Module. The 
former presents them with a search form (depicted in Figure 17) that can be used to 
retrieve product specifications. This module maintains real-time access with the database 
holding structured product information.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17: Web-based Search Form 
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An assumption made in the APRON prototype is that once an end-user has specified 
product, he/she would to like to transact with the seller of the product to finalise the deal 
as soon as possible. The requisite tasks are delegated to software agents. The interactions 
in the pilot scenario commence with the seller’s agent informing the buyer’s agent that he 
owns the specified product. A transaction then ensues and if the terms are agreeable to 
both parties ownership of the products is passed from the seller to the buyer. An excerpt 
of the communications between these two agents is shown in Listing 4. 
Listing 4: Agent Dialogue in the Procurement Module 
 
SELLER: Inform BUYER that I own: Philips Lighting product-0: 
bulbShopOntology.Product@1c6d11a product-1: 
bulbShopOntology.Product@1ca209e product-2: 
bulbShopOntology.Product@123a389 
 
BUYER: Information received from SELLER. Message is  
 
(INFORM 
 :sender  ( agent-identifier  :name agent@pc2000-cveao:1099/JADE) 
 :receiver  (set ( agent-identifier  :name agent@pc2000-cveao:1099/JADE) ) 
 :content  "((OWNS (agent-identifier :name agent@pc2000-cveao:1099/JADE)  
(bulb :serialID 123456 :name \"Philips Lighting\" :products  
(sequence (PRODUCT :type \"CAPSULEline pro\"  
                                     :wattage \"10W\"  
                                     :cap_base G4  
                                     :ordering_no \"345689 90\")  
                (PRODUCT :type \"CAPSULEline pro\"  
                                     :wattage \"20W\"  
                                     :cap_base G4  
                                     :ordering_no \"345689 91\")  
                (PRODUCT :type \"CAPSULEline pro\"  
                                     :wattage \"30W\"  
                                     :cap_base G4  
                                     :ordering_no \"345689 92\")))))"  
 :language  FIPA-SL 
 :ontology  Bulb-shop-ontology 
) 
 
Owner is: ( agent-identifier  :name agent@pc2000-cveao:1099/JADE) 
 
As pointed in the introduction, APRON was an extension of work that had been done in 
creating ‘intelligent’ components in AutoCAD. AutoCAD was therefore selected as the 
end-user application in the pilot scenario. All the components that are necessary to 
support end-user interactions run from the server.  The client application has been 
packaged into a Visual Basic Application (VBA) that interfaces with the APRON Web 
Service using a dynamic link library. The VBA is only the new component an end-user 
requires to exploit APRON. Loading and running the VBA from AutoCAD presents the 
end-user with a form shown in Figure 18 that can be used to search for detailed product 
specifications using known attribute definitions.  
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 Figure 18: AutoCAD-based Search Form 
4.3 THE EVALUATION OF APRON 
4.3.1 BACKGROUND 
This section reports on the approach adopted in the evaluation of the final APRON 
prototype.  The evaluation was conducted in two phases. The first phase involved 
analyzing the final prototype using the theoretical requirements as specified during the 
design stage. In the second phase, external parties formally review of the final prototype. 
4.3.2 ANALYSIS OF THEORETICAL REQUIREMENT SATISFACTION 
The scope of the development work as defined in the original functional specification and 
described in Paper 4 was narrowed during the implementation. This was mainly because 
of the limitations of the existing agent infrastructure.  
Table 8 list the final requirement specifications for the APRON prototype. It also 
provides a reference to components in the prototype demonstrating the existence of the 
desired functionality. The final APRON prototype substantially satisfies the theoretical 
requirements defined during the design phase. 
The tasks associated with initialising the application are supported by the client 
application. Modules within the Web Service perform the extraction of information from 
the primary source as well as the subsequent structuring and storage. The Web Service 
also hosts a query engine, which searches for product matches based on the specifier’s 
preferences.  
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Table 8: Requirement Satisfaction 
Goal Sub-goal Description Provided by 
Initialisation Starting up the 
system 
The user should be able to start up 
the software from within an 
existing application. AutoCAD 
has been selected as an example 
for such integration. 
 
Client application 
& the Web 
Service based 
search forms 
 Prompting the 
use for input 
The system should provide a user 
interface, which allows the user to 
specify his requirements. The user 
should have two levels of support: 
One of them provides a step-by-
step guidance to novice users 
while the other is targeted towards 
advanced users with knowledge 
about the products they seek. 
 
Client application 
& the Web 
Service based 
search forms 
 Interfacing with 
the rest of the 
system 
The system should provide a 
mechanism for the information 
keyed in by the user to be used in 
customised search for 
information. 
 
Dynamic Link 
Library between 
the client 
application and 
the server. 
Primary 
Source 
Extraction 
Obtaining new 
information 
There should be a mechanism for 
checking the Internet for new 
information on products. There 
should also be a mechanism for 
structuring the information using 
templates within APRON that can 
be modified by the user.  
 
Download 
Extraction, 
Structuring 
Modules 
 Maintaining a 
Local repository 
of information 
APRON should have a local 
database of information on 
various products. This database 
should be regularly updated from 
the various primary sources. 
 
Database 
Modules. 
 Searching for a 
match with the 
user’s 
requirements 
The system should have a search 
facility, which looks for a close 
match between the requirements 
previously specified by the user 
and the available product 
information. 
 
Web Service-
based search 
engine 
Reporting 
Functions 
Reporting to the 
user 
The system should have a facility 
for producing a summary and 
relaying the results to the user. In 
this particular case, the user 
should be able to view the report 
from within AutoCAD. 
Client application 
& the Web 
Service based 
output. 
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The result of the search process is presented as a form through the client application. 
The process can be executed as a VBA application within AutoCAD.  A preceding 
section described the functionality of various components.  
A number of essential characteristics of agents have been manifested in the 
implemented prototype: 
Autonomy:  APRON does not require constant monitoring or supervision: it has control 
over its behaviour based on the belief and intention information programmed in it.  
Purposeful action: The agents in APRON are goal-directed and objective-driven. A 
domain analysis was used to identify the key processes in the specification and 
procurement of construction products. These were delegated to a multi-agent 
community as goals. 
Flexibility: The goals pursued in APRON are achieved through context-based 
reasoning. The system can therefore adapt to changes in requirements.  
Pro-activeness: The APRON prototype demonstrated this through the ability to monitor 
changes in the information sources and perform necessary updates. 
Rationality: This is portrayed in the APRON prototype though the filtering and 
structuring of information. 
4.3.3 EXTERNAL EVALUATION 
The choice of the evaluation instrument was based on two primary factors. Firstly, the 
construction industry in general lacks a critical mass of people conversant with agent 
technology. It was therefore necessary to use an instrument that allowed evaluators to 
view a demonstration of the APRON prototype. Secondly, it was necessary to establish 
the usability of software from an end-user perspective. Chapter three pointed out that 
the project was initiated in an industrial context and their main interest was establishing 
the potential benefit(s) of incorporating agent paradigm in their building modelling 
pursuits. A critical success factor for the proposed APRON concept was therefore 
potential end-user buy-in. The focus group method was selected to achieve these goals.  
The focus group technique has its origins in the evaluation of audience response to radio 
programs in 1941 by Robert Merton, a prominent social scientist (Stewart & 
Shamdasani, 1990). Focus groups are an established and accepted research technique 
for qualitative explorations of attitudes, opinions, perceptions, motivations, constraints, 
participation, and behaviour.  Market researchers have been using it since the 1950s and 
empirical evidence suggests that this is a good way of acquiring qualitative information. 
Focus groups promote self-disclosure and in product development it is important to 
understand what people think and feel – this determines whether or not they would use 
the product.  
The focus group technique is a socially oriented procedure based on a presumption that 
people’s actions are influenced by comments, advice and counsel of their colleagues. 
APRON will be used in a social context and it therefore makes sense to provide the 
respondents with an opportunity to supply information in a context that closely 
resembled the perceived natural, real life situation. The focus group technique provided 
group-depth interviews through the process of interaction as it allowed further querying 
of responses. 
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The opinions documented in this section emerged from open-ended questions, 
comments made during a demonstration phase and remarks made during group 
discussion. These opinions can generally be broken into three categories:  
• Things the participants liked about the APRON prototype; 
• Things they did not like about the prototype, and; 
• Suggestions for additions or extensions. 
A total of 15 people participated in the small group evaluation sessions. The first group 
comprised 12 university-based researchers while the second group comprised industrial 
practitioners. The governing principles for the adopted focus group technique based on 
the aims of the evaluation exercise resulted in homogeneity of participants in each 
group (Krueger and Casey, 2000).  
The potential participants were carefully screened through face-to-face discussions and 
telephone conversations. Being University-based, each of them was focussing on a 
different research theme within the construction management group. This group of 
participants had a good level of understanding of IT in general but only three of them 
had been involved in the development of systems for e-commerce and knowledge 
management. The participants in this group had at least 2 years industrial work 
experience before joining the University. 5 of them group had international work 
experience. Such differences are to be expected in a research institute. Having a bigger 
number in this group provided substantially coverage of the evaluation subject despite 
such differences. 
The second group comprised participants who had substantial experience in 
construction industry specific Internet-based e-business. Following the principles 
established by Krueger and Casey (2000), the size of the group was deliberately made 
smaller to allow the discussion to go deeper into the subject. 
The number of groups was restricted to two because there was no stringent requirement 
to have a number of different subgroups because of the exclusive nature of the 
application domain. The key objective of the evaluation was identifying the potential 
level of acceptance for developed prototype. The implemented prototype was designed 
as a proof of concept (applicability of agent technology in the specification and 
procurement of construction products) for a selected target. Given that the primary 
benefit of running 3 to 5 focus groups is catering for the needs of several distinct 
population segments, 3 sessions sufficed for the evaluation. The use of two different 
groups ensured that the results did not just reflect the dynamics of a single group. 
During the participant selection potential, the potential evaluators were given a brief 
description of the developed prototype. Successful ones received an information pack 
providing further details (Appendix F). Further briefing was also provided during the 
first 20 minutes of actual focus group session. The next step was discussion the agenda 
for the session and clarifying any issues that were unclear. In order to build a rapport in 
the group, participants were requested to introduce themselves and provide some 
information about their work. The evaluators then viewed a walkthrough of the APRON 
prototype and completed a brief questionnaire (Appendix G). A group discussion then 
ensued based on unstructured, open-ended questions that could be answered from a 
variety of dimensions (Appendix H). The questions were structured to build the 
discussion from general to specific issues. The responses were recorded using a video 
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and a tape recorder. Notes were also made, and at the end of each group session, read 
out to the participants who confirmed that they accurately summarised the outcomes. 
4.3.3.1 Group A 
4.3.3.1.1 Results from the Questionnaire Analysis 
The main objective of the questionnaire completed by participants in Group A was to 
test the functional performance of the APRON prototype. Table 7 represents the mean 
scores across the participants for the constructs of familiarity of the participants with 
Internet-based systems and their views on initialization and navigation within APRON, 
and the scope and functionality of the implemented prototype.  
Table 9: Results from Questionnaire 
Construct Mean Max. Score Count 
Familiarity with Internet-based Systems 3.36 5 12 
Initialization and Navigation 3.77 5 12 
Scope and Functionality 3.78 5 12 
The various questions under these constructs were rated in questionnaires using a scale 
1 to 5 for low to high rating. On average, the participants were fairly knowledgeable on 
Internet-based systems. The mean ratings for the two main constructs, 1) initialization 
and navigation, and the 2) scope and functionality of the implemented prototype were 
3.77 and 3.78 respectively out of a possible maximum of 5. The functional performance 
of the implemented APRON prototype in terms of the selected constructs was, 
therefore, very good.  
4.3.3.1.2 Results from Group Discussion 
The opinions documented in this section emerged from responses to open-ended 
questions, comments made during the demonstration phase and remarks made during 
group discussion. The main strengths of the system identified by participants in Group 
A were: 
• The system is flexible: it provides end-users with the option of either searching 
from the Web or loading a client application into their system;  
• APRON filters through the vast amount of information provided and results in 
the retrieval of relevant data; 
• APRON can be used to retrieve cost information from various vendors for 
existing product schedules, and;  
• The APRON approach of having one data store on a server rather than having 
many individual designers creating local data stores. 
The main suggestion for further work was the integration of the APRON prototype with 
the use of ‘blocks’ in AutoCAD. Clearly, most of the views that were expressed during 
the discussion in the focus group are consistent with the results from the questionnaire 
analysis as outlined in the preceding section.  
4.3.3.2 Group B 
The second group review was with a team of three experts from a construction 
company. The experts were appropriate for the exercise because of two primary factors: 
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• They had been involved in three projects cited in Section 2 which underpinned 
the inception of APRON, and; 
• Their organisation had developed in-house competency in various facets of 
construction industry-specific e-business. 
The industrial experts did a comparative evaluation between the APRON approach and 
the approach adopted in similar projects. One participant pointed out that APRON 
utilised ‘sophisticated’ techniques to achieve discrete product search using attributes. 
One example was the approach for extracting data from legacy applications within 
APRON, which presented a relatively more effective and efficient than the approach 
adopted in the other projects. In one of their previous projects, the researchers had 
written a sub-routine that read legacy data and populated an MS Excel worksheet, which 
was then used to create XML pages. This approach was tedious, exerting and time-
consuming.   
Being industry-based, the participants in the expert review were very keen to identify 
very specific commercial application scenarios for the APRON prototype. From their 
experiences, they had established that construction product manufacturers generally 
‘frustrated’ the deployment of tools that enabled end-users to compare their products 
with those offered by their competitors. Manufacturers of construction products had 
been known to deliberately refuse to adopt strategies that would support the widespread 
use of tools that allowed potential buyers to execute comparative shopping. It was 
therefore appropriate to adopt an approach, such an APRON that achieved its mission 
without the direct involvement of manufacturers. 
The group further pointed out that the successful implementation of a commercial 
application from APRON would be impeded by the unimpressive trends in the adoption 
of industry standards for the definition of product attributes. The group had experienced 
a number of standard-related problems. The process of fully developing industry 
standards would take a significant amount of time, and when the standards finally 
mature their use would be further restricted by difficulties in creating a critical mass of 
users. A significant number of AEC-specific information portals have already defined 
product classification systems that they would not easily abandoned in favour of 
emerging industrial standards such as the ifcXML and the bcXML.  
However, such challenges do not necessarily mean that the industry is not ready for 
systems such APRON. Elements of earlier work done by the expert reviewers had been 
adopted and developed into an in-house solution by one European company. This 
suggests that there are situations in which the APRON solution can be adopted in the 
industry. One of the identified use cases was in contracts initiated by the government. 
Being a major player in the generation of building stock, the government is in an ideal 
position to compel their business partners to define their products and services using 
some agreed standards. This would then form an ideal test-bed for the APRON 
prototype. The group also identified the potential usefulness of the APRON system in 
building maintenance and facilities management. Although the targeted end-users in this 
scenario often have detailed product schedules, they could still use the APRON system 
to perform price checks and price comparisons across a number of product suppliers. 
APRON can also be used to place orders for specialties such as wallpaper. 
Other commercial scenarios identified by the group included adopting the APRON 
system in a company’s procurement strategy: 
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• For ordering for products by job;  
• To transact with preferred product suppliers and;  
• In the development of large housing schemes. 
In summary, the group established that the approach used in the APRON prototype was 
efficient and effective in achieving its set goals. The APRON prototype would face the 
similar challenges to ones experienced in predecessor projects such as GENIAL and 
eConstruct.  An important outcome of the evaluation was the realization that a large-
scale commercial application would only be developed when industry standards mature 
and gain popularity. But this notwithstanding, there are specific scenarios in which the 
tool could be deployed as a commercial application.  
4.4 REVIEW OF THE RESULTS 
A potential benefit and impact assessment analysis was carried out based on the 
information from the evaluation. This was aimed at assessing APRON’s usefulness and 
adequacy in fulfilling the targeted user’s needs. According to Engel et al (1995), there 
are six stages in the decision to purchase a given product. These have been applied to 
the specification and procurement of construction products as shown in Figure 19. The 
rest of this section discusses the evaluation results within the context of these phases. 
The developed prototype has demonstrated how agent technology can be utilized to 
streamline the processes inherent in the specification and procurement of construction 
products. The prototype has provided the end users with a mechanism of capturing their 
needs. This does not address all the aspects involved in need recognition. This would 
require the development of agents that interactive personal digital assistants that are 
capable of profiling the different requirements of each individual specifier and procurer 
of construction products. Such an undertaking would constitute a project requiring 
substantial investigation in various aspects of human-computer interaction.  
 
 
Need Recognition AlternativeEvaluationInformation Search
Outcome evalution Product utilisation Procurement
 
 
 
 
 
 
 
 
Figure 19: Key Phases 
The strongest feature of the APRON prototype was the role it could potentially play in 
supporting product information search and alternative evaluation. The prototype has 
streamlined these processes largely by automating information retrieval, structuring and 
filtering. The prototype uses information on a single product provided by a single 
product manufacturer. Superficially, this may appear as a weakness but it is important to 
remember that the primary objective of the research was establishing that agent 
technology could improve the utilization of Internet-based system in the application 
domain. Granted, there are very many different product classes and they pose challenges 
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to construction industry professionals. Such challenges deal with presentation rather 
than processing of information. The deployed prototype primarily addresses problems 
emanating from information overload. The various issues that were identified during the 
domain analysis are not peculiar to any class of products.  
APRON’s interface with manufacturer’s information utilises XAML, which reasons on 
the context. In other words, XAML is format independent. This was subsequently 
confirmed through an experimental exercise in which information from a selected 
manufacturer was stored in HTML and text format. The structuring and filtering 
processes worked satisfactorily. 
The procurement module within APRON was simplified to negotiation between two 
agents. Further work would have to be done to model APRON into a multi-agent system 
that has a number of agents representing various manufacturers. Techniques such as 
game theory would have to be used in the negotiations. Chapter one provided an 
overview of a related project that focused on negotiation within a multi-agent system. 
The focus of APRON was deliberately diverted from such issues to avoid duplication of 
effort. 
APRON functionality did not provide functionality for supporting product utilization 
and outcome evaluation. This are clearly very important as they complete the loop by 
providing feedback to the entire decision making process. Creating agents capable of 
handling these two processes would require substantial research work in consumer 
psychology and may involve of the use of Bayesian theory. Agent applications in 
general are still maturing. It is only logical to focus the initial efforts in getting the first 
few processes right. After all, user agents that feedback information on user satisfaction 
can only make sense when specifiers and procurers of construction products delegate 
information retrieval and buying agents.  
There was a suggestion of integrating the user interface with blocks in AutoCAD. The 
use of blocks is very useful in general but from an agent perspective such features may 
restrict interactivity. The vision for APRON is gradual transition into a ‘living’ system 
that has two-way communication with end users. Such a system would observe the 
user’s action, learn his/ her preference and make suggestions based on dynamically 
generated profile. Clearly, premature integration with customization options such as 
blocks would not directly add value to any of the six phases in the decision making 
process and was therefore not taken up as a modification task. However, things might 
change as agent technology matures. 
4.5 SUMMARY 
This chapter has described the design, development and deployment of the APRON 
prototype. The chapter described the application scenario development for the APRON 
project. It has also given a description of the APRON architecture, highlighting 
APRON’s functional components and the deployment scenario. The final section in the 
chapter focussed on the evaluation of the APRON prototype, describing the evaluation 
method, results and discussed assessed the results in perspective bearing in mind the 
primary goal of the project: applicability of agent technology.  The chapter has 
demonstrated that APRON addresses the problems related to information overload 
revealed by the domain analysis. 
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5 FINDINGS & IMPLICATIONS 
Agents are the next major computing paradigm and will be pervasive in every market by the year 2000. 
Janca, 1995 
5.1 THE KEY FINDINGS OF THE RESEARCH 
The findings of the research as presented in this section are based on the outcomes of 
the iterative research methodology. The general conclusions in the thesis are outlined 
below: 
• The existing Internet-based support systems for the specification and 
procurement of construction products have perpetuated the ‘digital anarchy’ 
problem; 
• The emerging Semantic Web has underscored the important role of software 
agents in e-business operations; 
• There are a several successful agent-based applications that demonstrate the 
potential benefits accruing from the use of the agent paradigm in automating the 
execution of routine tasks; 
• Developing an agent-based application for the specification and procurement of 
construction products is a viable and feasible activity; 
• The existing agent infrastructure is still in early stages of maturity; 
• Leading researchers in agent technology have not popularised the agent 
paradigm as an essential technology for companies seeking to maximise gains in 
e-business, and; 
• The agent paradigm is not a ‘silver bullet’ solution – it derives its value by 
complementing a number of paradigms in the Semantic Web Vision. 
The thesis has validated the main underlying contention in APRON: there is a 
significant scope for systematic improvement in the Internet-based specification and 
procurement of construction products based on the agent paradigm. 
5.2 THE IMPLICATIONS/IMPACT ON THE SPONSOR 
There is a problem in the conventional methods used by specifiers and procurers of 
construction products to obtain information from manufacturers. They use information 
presented in a semi-structured, ‘human-friendly’ format. Conventional search engines 
fail to retrieve a significant proportion of the relevant documents and even when the 
documents are displayed, a human user will have to extract the relevant data and re-key 
the information for use in a different application. An earlier section quantified the losses 
related to this problem. This is a business opportunity for the industrial sponsor, as the 
APRON prototype can be developed into a potential commercial tool that can result in 
returns on investment. Such returns will only be modest in the short term because large-
scale agent applications cannot be implemented until issue such as industry standards 
are adequately addressed.  
The transition into agent-enabled solutions should be gradual and evolutionary rather 
than radical. Companies have made significant investments in their existing resources 
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(information systems and human skills) and will naturally resist approaches that 
instantaneously render their investment useless. The sponsoring company should 
develop transition models that start with the semi-automation of routine tasks. 
There are lessons to be learnt from the experiences of other companies in the use of 
agent technology in commercial settings. Agent technology must not be used as a ‘sales 
argument.’ There are a number of companies that set out as champions of agent 
technology in e-business but they have since then been overcome by existing business 
pressures and no longer exits. Companies that continue to reap gains from agent 
technology and e-business in general have moved software agents to the background. 
They have integrated it seamlessly with the rest of their collaboration solution.  
The value in agents can be best described in terms of business processes: software 
agents are just a subset of the new evolving technologies that support e-business. 
Software agents, if used in isolation, would not make a good business case for a 
commercial application. The approach adopted in implementing the APRON system, 
which integrated agent technology with the existing information systems is a desirable 
way of presenting the new technology to potential end-users. The APRON prototype is 
based on a model, which places agents in the background, such that organisations 
gradually migrate into use of the ‘new’ technology. 
5.3 THE IMPLICATIONS ON THE WIDER INDUSTRY 
Chapter 1 described the W3C vision of the Web of the future and described the various 
research efforts under the auspices of the Semantic Web initiative. The chapter also 
established the important role of software agents in this vision. The construction 
industry needs to embrace agent technology as a key component of the emerging 
Semantic Web. 
The key players in the sector do not have an appreciation of what agents are and what 
they can do. Awareness creation forums should be launched to educate professionals in 
the construction industry on the Semantic Web vision and achievements that have been 
realised. This would enable them to understand that software agents are gradually 
becoming indispensable to companies seeking to maximise the potential benefits of e-
business. 
The evaluation conducted at the end of the prototyping phase revealed the potential 
resistance that can be anticipated in the deployment solutions such as APRON because 
they enable end-users to make product comparisons. Manufacturers are likely to resist 
the possible increased pressure arising from the ability to compare products from their 
business rivals. The manufacturers must appreciate the net gains of such approaches: 
cross-manufacturer product comparison would result in significant financial benefits for 
construction product manufacturers: product comparison will potentially increase sales.  
In general, product features and not just price govern end-users’ final decisions more 
(Guttman and Maes, 1998). APRON (and similar tools) provides manufacturers with an 
opportunity to differentiate themselves in the market through unique product 
configurations. Manufacturers would be able to use quality to attract potential buyers 
even when the price is better elsewhere. In many cases, end-users place a higher value 
on well-matched products within their budget constraints (Guttman and Maes, 1998). 
Manufacturers can therefore use APRON to justify higher product prices by 
highlighting non-price-related advantages. 
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The domain analysis revealed the difficulties in trying to retrieve digital information 
from the digital maze. Specifiers and procurers of construction products lose significant 
time retrieving and manipulating the available information. The agent paradigm 
automates some of the routine and repetitive tasks. This allows them to concentrate their 
efforts on more value added functions. 
There is an obvious need for more focused information dissemination on non-technical 
aspects of agent technology. A significant amount of available literature on agent 
technology available focuses on technical issues such as agent architecture, learning and 
negotiation protocols with very little on ‘softer’ issues in the development and 
deployment of agent-based applications. Early adopters of agent technology should be 
encouraged to provide benchmarking and case studies of their experiences. Advanced 
applications of agent-based systems will only be realised when the key players in the 
construction industry develop a broad understanding of the potential benefits of 
adopting the agent paradigm.    
5.4 RECOMMENDATIONS FOR FURTHER RESEARCH 
The implemented prototype can be improved through the additional agent 
functionalities. Some suggestions have been outlined below: 
5.4.1 END-USER AGENT EXHIBITING INCREASED INTELLIGENCE 
The agent interfacing with the specifiers and procurers could exhibit increased 
intelligence by: 
• Learning and being proactive; 
• Prompting user for feedback on search results, and; 
• Taking action on feedback. 
5.4.2 EMPOWERING THE END-USERS 
The flexibility of the user interface within the APRON prototype was restricted because 
of resource constraints. This interface could be further refined to allow users to  
• Request interim report request at any time during the search process, and; 
• Interrupt and terminate the search processes at any time. 
5.4.3 BROADENING THE SCOPE OF THE CLIENT APPLICATION  
The client application within the APRON prototype displays in AutoCAD and on a PC. 
This scope could be extended to: 
• Output in different applications such as estimating packages, and; 
• Display in different devices such as mobile phones and pocket PCs. 
5.4.4 LEGAL IMPLICATIONS 
The use of agents in the business context will result in some legal challenges. Further 
work should be done to address such issues. Such efforts should build on the 
accomplishment of projects such as e-LEGAL, an initiative within ICCI (Innovation co-
ordination, transfer and deployment through networked Co-operation in the 
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Construction Industry). e-LEGAL focused on defining a framework for legal conditions 
and contracts in the use of ICT. The developed framework addressed challenges that 
hamper the full use of inter-enterprise ICT. These arise from the poorly defined 
responsibilities, overlapping communication techniques and mistrusts (Hassan et al, 
2001). Such problems are likely to be further complicated by the delegation of tasks to 
software agents. 
5.5 CRITICAL EVALUATION OF THE RESEARCH  
APRON resulted in a prototype that was rigorously tested and evaluated. It was, 
however, not implemented in a commercial scenario.  APRON was an industry-based 
research and it would be insufficient to deliver a prototype as the final outcome without 
exploring the viability and feasibility of deploying it as a large-scale commercial 
application. It is therefore necessary to explore the potential challenges that could 
impede such an implementation. The subsequent paragraphs discuss the research results 
in the context of existing business trends. 
Although the findings of APRON are neither arbitrary nor abstract, developing the 
prototype into a commercial application will not be an easy task. The review of existing 
applications revealed that agent-based e-business applications are not as advanced as 
applications in domains such as telecommunications. Shehory (2003) pointed out that 
the results of recent surveys indicate that the adoption of agent technology in e-business 
has been very slow. One of the primary factors hindering rapid adoption of agent 
technology has been the global economic trend towards a recession.  
The early years of the 21st century were characterised by companies postponing their 
major IT investments and become more risk averse and savvier in their IT investments. 
Web-based technologies, in particular, were adversely affected following the end of the 
Internet euphoria: an era that peaked between 1999 and 2001 and was characterised by 
‘over-spending’ (Benjamin et al, 2003).  However, this problem will diminish in 
significance with the passage of time. In the long run, the economic cycle will tend 
towards prosperity and IT investment will increase. 
The slow uptake of agent-based e-business applications could also be attributed to 
‘failures’ among researchers in the agent community. There was excessive and 
somewhat misleading enthusiasm among agent technology pundits in the late 1990s 
(Luck et al, 2003). This resulted in unrealistic expectations and disappointments when 
the promised benefits were not fully realised. Agent technology does not hold the 
ultimate answer to the ‘digital anarchy’ problem: it contributes to the solution but it 
must be applied in conjunction with other building blocks such RDF, ontologies, XML 
and Web Services. The APRON prototype must be viewed in this perspective.  
The problem related to unrealistic expectations and resulting disappointments may have 
been compounded by the time lag between research activities and commercial 
implementation. In general, research prototypes in agent technology do not immediately 
result in commercial applications. A large-scale adoption of the APRON concept will 
not be an exception to this general rule. 
Prospective investors in agent technology must therefore be guided into developing 
modest expectations. This can be achieved through educational workshops and courses 
in various aspects of agent technology. Agentcities (URL10) and AgentLink (URL11) 
have championed awareness-creation in the European context. The two groups have 
  55
APRON: Agent-based Specification and Procurement of Construction Products  
promoted awareness in agent technology in universities and companies across Europe, 
through, for example, awarding deployment grants for commercial agent-related 
projects. Construction-industry specific projects were conspicuously missing from the 
ventures supported by the two organisations. Examples of agent-based projects in the 
construction industry were given in Chapter 1. Such ‘individual’ efforts address a small 
fraction of the problem and are highly unlikely to produce solutions effectively covering 
all areas (Willmott et al, 2003). It is therefore imperative for the construction industry to 
align itself with synergies such as AgentLink and Agentcities. 
Such initiatives provide an opportunity to form interdisciplinary teams that would allow 
professionals in the construction industry to exploit the skills and competencies that 
have already been established by experts in agent technology. Top-level managers in the 
construction sector should be encouraged to participate. When such key players 
appreciate what software agents are and what they are capable of, they would quickly 
identify the existing opportunities for agents in their mainstream business processes.  
5.6 DISCUSSION 
Phillips (1999) published a Masters thesis at the MIT with the title ‘If It Works, It’s Not 
AI: A Commercial Look at Artificial Intelligence Startups.’ This thesis analysed the 
successes and failures of AI technology firms in bringing their products to market and 
creating lasting businesses. There was a high level of hype in the form of mainstream 
press and corporate excitement prior to the downfall of AI in the 1980s. The pitfalls that 
many of these firms fell into included: 
• Management inexperience and academic bias; 
• Business models, which confused products and consulting; 
• Misunderstanding of the target market, and; 
• Failing to manage customer and press expectations.  
During the 1990s AI made a subtle comeback in the form of agent technology. 
Surprisingly, software agents have gone through a life cycle that is not too dissimilar to 
that of AI in the 1980s. This is evident from Janca’s (1995) false prophecy on 
pervasiness of agents by 2000. The efforts towards commercialisation of AI in the 
1980s, particularly the experiences of firms that faltered, should have provided some 
warnings and suggestions for any company trying to build a business packaging agent 
technology. Based on the experiences outlined in the previous section, it may not be 
inaccurate to declare that history has repeated itself: champions of agent technology 
repeated the same mistakes made by the AI predecessors in the 1980s. As late as 2003, 
there were few successful commercial applications of agent technology and many 
people regarded agents with a heightened mistrust as predictions failed materialise.  
Such problems should not be interpreted as proof of inappropriateness of agent 
technology. They merely indicate that agent technology is not an industry in and of 
itself. The reality is: not all entities in a software system require sophisticated 
capabilities such as reasoning, learning and autonomy and a number of passive 
components cannot be modelled and used as agents. Agents must therefore be viewed as 
components enriching larger software systems. In this regard, e-business agent-based 
applications such as APRON must be developed within the context of Semantic Web 
Technology. Such pragmatism combined with economic suasion based on savings from 
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automation of tedious, routine and repetitive tasks are indispensable ingredients in 
developing a strategy that would ultimately cast business managers in the role of allies. 
Agent technology holds a real promise but the nettlesome task of researchers is to 
discover how to organize its strength into compelling power. Although the long-term 
vision should still remain delivering e-business agent-based applications that use 
sophisticated reasoning, learning or planning techniques, the experience of the 1990s 
have proved that too much focus in such issues would premature enthusiasm. The 
strength of agents in supporting Internet-based is really using agents to address 
information overload. The short-term efforts should really focus on information 
retrieval and processing before building in profiling and learning capabilities. 
5.7 SUMMARY  
This chapter has summarized the key finding of the research and the contribution to 
knowledge. The chapter has also identified implications for the sponsor and 
extrapolated these into the recommendations to the wider industry. There are a number 
of issues that could not be addressed within the context of the research. The key themes 
are developing an advanced end-user agent, ensuring that the end user has ultimate 
control, broadening the scope of the client application and handling the legal 
complications that may arise from using agents. The chapter ends with a critical 
evaluation of the research, particularly focussing on the challenges of implementing 
agent systems in a commercial setting and discussion that presents a collated view on 
agent-based applications. 
The research reviewed a number of agent-based applications in various domains and 
demonstrated how experiences in such applications can be used as the basis for 
systematic improvement in the selected application domain. The work also identified 
the key problems in the selected domain based on a case study of an existing system, 
which established that the existing systems for utilising Internet-based information do 
not provide an automated interface for moving information between end-users’ 
applications and manufacturers’ catalogues. The design, development and evaluation of 
the APRON prototype demonstrated the applicability, usefulness and competitiveness 
of implementing an agent-based system in the specification and procurement of 
construction products. 
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Abstract 
 This paper reviews the applicability of agent-based technology in the specification and procurement of 
construction products. It is part of an on-going research project at CICE, Loughborough Univerisity. There is a 
brief introduction to the Construction Industry. The paper defines multi-agent systems and gives typical 
characteristics of such systems. The need for using multi-agent solutions rather than single agent solutions is 
demonstrated. Specification and procurement of construction products is evaluated as a candidate for multi-
agent approach by analysing the problem related to fragmentation in the construction industry. The paper also 
gives an overview of the challenges in implementing multi-agent systems including such concepts as agent-to-
agent interaction, and inter-agent communication, co-ordination and negotiation. The paper ends with a 
conceptual architecture of the proposed system and a brief account of future directions. 
 
1  Introduction 
 
The Construction Industry embodies professionals in information intensive activities. 
Decisions have to be made based on the information available, but there are heterogeneous, 
distributed, dynamic, semi-structured and unstructured data and knowledge sources. The 
existing information sources have an open architecture with structures exhibiting dynamism. 
The components change and cannot be predetermined because they are implemented by 
different people, at different times, using different tools and different techniques. This 
problem can now be remedied because the latest developments in the information technology 
are beginning to resemble the fragmentation in the construction industry. Distributed 
Artificial Intelligence (typically implemented in the form of intelligent agents) offers an 
innovative approach to overcoming this problem. Agents present a distributed approach to 
locating, retrieving and integrating information, and therefore resulting in applications that 
co-operate, co-ordinate and share their information with other applications. 
 
The definition of agent technology is not an easy task because the term ‘agent’ is a common 
term in every day conversion. It also encompasses a broad area. The various synonyms used 
by researchers further complicate matters [1]. Franklin and Graesser [2] give a detailed 
analysis several definitions by leading researchers, which will not be duplicated in this paper. 
In simple terms, intelligent agents are ‘systems capable of autonomous, purposeful action in 
the real world’ [3].  
 
Multi-agent systems are computational systems in which two or more (homogenous or 
heterogeneous) agents interact or work together to perform a set of tasks or to satisfy a set of 
goals [4]. A multi-agent system comprises (1) an environment, (2) a set of passive objects that 
can be associated with a position in the environment, (3) an assembly of agents, which are 
specific objects representing active entities of the system, (4) an assembly of relations linking 
objects (and thus agents), (5) an assembly of operations with which agents perceive, produce, 
consume, transform and manipulate objects and (6) operators representing the assembly as 
well as reaction modifications [5]. A multi-agent system is therefore a consolidation of 
autonomous ‘problem solvers’. 
Proceedings , Mohammadian, M. and Stonier, R.J., International Conference on Intelligent Agents, 
Web Technologies and Internet Commerce (IAWTIC' 2001) , Las Vegas, USA, 2001, pp 268-279 
 
This paper focusses on the specification and procurement of construction products. It 
highlights the problems in this process and explores the applicability of agent-based 
technology in this domain. 
 
 
2  Justification for a multi-agent solution  
 
Human intelligence transcends genetic factors; interaction with others is vital in cognitive 
development. In a similar fashion, machines cannot be ‘thinkers’ if they operate in isolation 
[5]. Collective intelligence is also necessitated by the fact that computing systems are 
becoming more complex with time and tasks have to be handled as manageable modules. 
Some settings naturally have a distributed context in any case. The knowledge, computational 
resources and perspective of a single agent limit its functionality. Distributed artificial 
intelligence can be applied to extend this capability through modularisation and 
decomposition of a problem. Multi-agent systems execute processes faster due to concurrent 
processing [4]. In such systems, there are less communication bandwidth requirements 
because processing is done close to the information source. The increase in number of points 
of failure increases reliability. There is also improved responsiveness due to processing, 
sensing and effecting occurring at the same place. Such systems are easier to develop due to 
modularity. 
 
 
3  Review of related work 
 
Interest in Artificial Intelligence among people in the Construction Industry is nearly four 
decades old. As a matter of fact, the phrase ‘Automated Design’ preceded CAD [6]. As early 
as the 1960s, various researchers in this industry had envisaged the use of Artificial 
Intelligence paradigms. There are a number of chronicles illustrating the views of early 
visionaries. Examples include such articles as ‘On Evolution of Artificial Intelligence’ 
presented at the 1964 IEEE Symposium on Human Factors and Benard Rudolfsky’s 
‘Architecture without Architect’ article published in the 1960s. Perhaps the greatest visionary 
was Nicholas Negroponte of MIT who published an ‘Architecture Machine’ magazine in the 
1970s documenting predictions on use of AI in construction.  
 
There are a number of recent projects. ProcessLink is a project aimed at providing a technical 
infrastructure and methodology integrating spatially distributed engineers, designers and their 
heterogeneous tools [7]. It is a project at Stanford's Centre for Design Research. RAPPID is a 
DARPA funded project at ERIM. It is aimed at developing a community of agents that help 
human designers manage product characteristics across different functions and stages in the 
product life cycle [8]. The agents represent design tools, professionals, design components 
and characteristics of each component. By trading in a marketplace, these agents resolve 
conflicts among designers by trading with one another for design constraints, requirements, 
and manufacturing alternatives. A research team at University of Calgary has developed a 
multi-agent architecture for the integration of design, manufacturing, and shop floor control 
activities. It is based on cooperating intelligent entities in the sub-domains. Decisions are 
made through negotiation [9]. ADLIB is a project at Loughborough University aimed at 
developing a multi-agent system (MAS) framework for the representation of activities and 
processes involved in the collaborative design of light industrial buildings [10]. 
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4 Construction specification and procurement as an ideal application domain 
4.1 Assessment Criteria 
 
Applications that are suitable for a multi-agent solution require both intelligence and 
distribution [11]. In such domains, a single agent cannot effectively model the scenario and 
the ownership of information and strategies is not by one entity. There may be a need for 
inter-operation and inter-connection of multiple autonomous, self-interested existing legacy 
systems, as well as systems requiring solutions to be drawn from distributed and ‘selfish’ 
information sources. Domains that qualify include open information systems, complex 
problems, distributed collaborative problems and complex information systems requiring 
modular solutions [12]. Such systems can exploit the characteristics of multi-agent systems. 
In a multi-agent system, each agent has an incomplete viewpoint due to limited information or 
capabilities for problem solving; [13] global control systems do not exist and there is 
decentralised data. In addition, computation is asynchronous.   
 
 
4.2 From paper-based specification and procurement to e-business 
 
Traditionally, there was only one specialist, the Master Builder, whom a client approached for 
his building works [14]. Due to the Industrial Revolution, the 18th and 19th century witnessed 
a series of inventions as well as broadening of technical knowledge. Building works became a 
technical field with so much knowledge that one person could no longer be a Jack-of-all-
trades. There was a need for specialisation. Design was separated from construction giving 
rise to a Designer and a Contractor. Buildings became complex over the years and it became 
necessary to use engineers to take care of such things as load analysis and the various 
building services. Money became scarce in supply and a building accountant, the Quantity 
Surveyor, emerged. Other disciplines emerged in a similar manner.  
 
Depending on the scope of a building project, Architects, Urban Planners, Landscape 
Designers, Structural Engineers, Civil Engineers, Building Services Engineers, Building 
Surveyors, Quantity Surveyors, Mechanical Engineers, Lifts Specialists, Electrical Engineers, 
Main contractors, Subcontractors, Suppliers and Manufacturers of Building Materials (to 
name but a few) may have to work together to deliver a building satisfying certain constraints.  
 
The construction process consists of five main phases: the definition phase; the design phase; 
the procurement phase; the construction phase and the exploitation phase [15]. During the 
definition phase, the client defines the objectives, the planning and the budgets allocated to 
the project. The design team, from the client’s brief, designs the project guided by the 
program defined in the preceding phase and the relevant regulations and standards. The main 
activity in the procurement phase is the specification of bidding documents containing 
administrative and technical data related to the project. Construction companies interested in 
the project are invited to bid and based on these bids, the client and/or the design team select 
the company that will execute the construction work. At completion, the facility is used and 
maintained during its lifespan after which it may be demolished. In the traditional mode of 
operation, these operations were executed in a serial manner. 
It is important to point out that the terms ‘design’ and ‘specification’ are used interchangeably 
in the context of this paper. The essence of any design activity is to develop an artefact with 
certain desired attributes. The first step involves the delimitation of a set of guidelines that 
would lead to the realisation of the artefact. The design of a building, for example, will 
Proceedings , Mohammadian, M. and Stonier, R.J., International Conference on Intelligent Agents, 
Web Technologies and Internet Commerce (IAWTIC' 2001) , Las Vegas, USA, 2001, pp 268-279 
involve specifying descriptions of the final product that satisfy a collection of constraints 
imposed by the owner, the regulatory bodies, the designer, the manufacturer, or even by 
natural laws. It is also important to note that the term ‘procurement,’ as used in this context, 
encompasses all activities involved in obtaining products and managing their inflow into an 
organization toward the end user [17]. This implies that specification, which occurs during the 
definition and design phases, is a part of the procurement process. 
 
Traditionally, the specificication and procurement of construction comprised several paper-
based activities. Until the 1960s, all drawings and specifications were developed manually, 
but in the subsequent decades, such systems could not cope with the demands placed on the 
industry. As previously discussed, construction projects have become complex over time 
neccesitating an increase in the number of specialists involved in a single project 
Communication among distributed disciplines became an integral part of the building process. 
In paper-based systems information is duplicated rather than shared; the discipilines cannot 
work concurrently. Meaningful communication required all the parties to be at the same 
physical place. 
 
The activities involved result in numerous documents making specification and procurement 
of construction products a complex document-based process with such documents as bid 
documents, contracts, design documents, work orders, change orders, construction schedules, 
permits or licences, work approvals or completion certificates and inspection documents to 
name but a few. Managing all the documents during all the phases becomes a complicated 
task if there is no system to interlink the paperwork.  
 
Early use of computers in construction was in creating information, for example, the 
structural analysis software (from 1960s), computer aided drafting (CAD) and design 
applications (from 1970s). Since mid the 1980s there has been a growing interest in the 
management of construction information and the application of IT [14]. A number of 
collaboration tools have been used in the industry. One of the pioneer tools was EDI 
(Electronic Data Interchange), which describes the electronic exchange of standard business 
documents between firms.  
 
The greatest technological interests of the final years of the last century was perhaps the 
paradigm of electronic networks with terms like ‘e-mail’, ‘e-commerce’, ‘e-tailing’ and ‘e-
banking’ becoming buzz-words. ‘E-business’ is the ‘umbrella’ term for all these activities. 
Defined very simply, e-business refers to a scenario in which an organization conducts its 
activities over a computer-mediated network. 
 
The use of Internet-based technologies has resulted in improved collaboration of distributed 
teams, new document management solutions and fast, platform-independent global access to 
up-to-date project, resource, and contract document information. The sharing of information 
is based on such solutions as one company giving restricted access of its networks to its 
business partners (extranets) or third-party project web-sites. Through Web-based 
collaboration, the most up-to-date blueprints can be posted on the site and email notifications 
go out to anyone who needs to know. The different teams can track progress working off the 
same Web page and such tasks as procurement are executed more efficiently. 
4.3 Agent-based specification and procurement. 
 
An ideal application domain for agent-based technology has a naturally spatial, functional or 
temporal decomposition of knowledge or expertise [4]. Such features are inherent in the 
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specification and procurement of construction products. There are different disciplines 
pursuing different goals and also satisfying different constraints. Diversity in sources of 
knowledge, problem solving techniques and expertise makes the process complex. The 
different requirements and constraints in the different disciplines have to be integrated 
because there are a number of shared parameters such as budget, time, expertise and 
information. There has to be concurrent negotiation and assigning of values to shared 
parameters. 
 
Construction project teams comprise a variety of disciplines with ‘poorly integrated silos of 
knowledge.’ The main problems in the specification and procurement of construction products 
emanate from the fragmentation in the industry. There is distribution of information across the 
disciplines, separation of the construction phases and spatial distribution on electronic networks. 
The ‘dot-com’ solutions address the discontinuity using better document sharing technology and 
other communication tools. Such solutions rapidly deliver more information through a bigger 
‘pipe’ but they also need to improve the quality of the information going through the ‘pipe’ 
through intelligent filtering and collation. Agent-based systems offer means of using distributed 
artificial intelligence to model the distributed silos of knowledge and subsequently automate the 
specification and procurement of construction products.  
 
The different phases in the construction process fragment specification and procurement in 
terms of time with some undesirable results. Plans and specifications are insufficiently 
coordinated and are rarely completed before construction commences. Designers often 
resolve design after consulting subcontractors, suppliers and manufacturers on certain aspects. 
But the latter are frequently selected after construction begins on site. There is a need to 
exploit knowledge available at the procurement and construction phases during the definition 
and design phases. At the procurement phase, much effort and time is spent in short-listing 
relevant suppliers and negotiating for the best deal. Since suppliers and manufacturers’ 
products are now published in the Web, software agents can access information without the 
need for human intervention. 
 
There are other problems emanating from the fact that specification and procurement of 
construction products is executed as a multi-disciplinary operation [18]. In any project, there 
are different points of view. The various disciplines involved have compartmentalised 
themselves over time. Each of them has evolved a unique view of the world and developed 
special terminologies. Each discipline pursues built-in goals, which may conflict with the 
global goals of the design (for example aesthetics goals may conflict with keeping the budget 
low). Due to focussed expertise, certain solutions are only true ceteris paribus (all things held 
constant). Such factors as uncertainties on site conditions and modifications that occur when 
the project has already started may make some solutions invalid necessitating redefinition of 
solutions. The use of agent-based systems increases the changeability of existing systems. 
Agents shift focus from systems with a particular configuration to the use of flexible agents 
‘that can be swapped in and out as the entities they represent are shuffled around’ [19]  
 
Disciplinary design is presented in big chunks hiding details that may be necessary for 
integration [18]. Further complexities arise from multifaceted interactions with multiple 
disciplines focussing on one parameter simultaneously. There are many interactions, further 
compounded by conflicts arising from the compartmentalisation discussed previously. The 
designers have counter-intuitive behaviour but such intuition is ineffective or adverse when 
constraints become active and comprehensive studies are needed to integrate the problem. 
Through modularity and abstraction, agents offer means of dealing with  such complexites. 
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The disciplines involved in specification and procurement of construction products use different 
programming languages, represent data with different representation languages and models, and 
operate in different computing platforms. Even teams within the same company may use different 
computing systems. In CICA’s 1996 Annual Report, there were 85 solutions specific to or 
customised for the Construction Industry listed under Software Directories. Computing 
applications have succeeded in further disintegrating the already fragmented industry. Agents can 
handle the heterogeneous software and hardware inherent in the construction industry [16]. 
 
The use of electronic networks has introduced a new strain of fragmentation. By early 1999 there 
were 150 to 200 Internet companies focusing on AEC e-commerce with an estimated investment 
exceeding $1billion (£671 million) [20]. Agents can be used to roam the electronic networks and 
keep an organisation updated on the business opportunities available outside the electronic 
marketplace a company operates. Agent-initiated tasks also provide means of dealing with the 
increased Web traffic. Figure 1 gives a three dimensional impression of the fragmentation. 
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Figure 1: Dimensions of Fragmentation 
 
The companies that will survive must be capable of projecting the future needs of the 
industry and not only make contigency plans, but also attempt to define the direction of 
change. There are gaps in existing Internet solutions for specification and procurement of 
construction products and visionary companies should consider the potential of agent-based 
technolgies in their solutions.  
 
 
5 An overview of challenges in Multi-agent system 
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One of the major barriers to agent technology adoption is the lack of a systematic 
methodology for enabling designers to specify and structure their applications as multi-agent 
systems [21]. The following paragraphs outlines major research issues in the implemetation 
of such systems. 
 
5.1 Agent-to-agent interactions 
 
In a multi-agent environment, the problem is fragmented into interdependent sub-problems 
[21]. The agents are not mutually exclusive and agent interdependency can take the form of 
overlapping sub-problems. The desired solution is derived satisying overlapping constraints 
in the sub-problems. Agents have to make such decisions as designating agents to execute 
specified tasks at a given time and communicating the results. It is necessary to co-ordinate 
the decisions of agents in the sub-problems in order to achieve an optimal overall solution. 
The agents need determine not just the nature of sub-problem interdependency, but also the 
other agents’ current state of problem-solving and the status of network resources. Agents are 
able to come up with a unified plan by recognizing and avoiding or resolving sub-goal 
interactions. Existing solutions to these needs include the use of a synchroniser agent, use of 
the Functionally Accurate Model (FA/C) in which agents interact through ‘asynchronous, co-
routine exchange of partial results’ or use of Partial Global Planning (PGP) which evolved 
from the FA/C model. The latter involves the use of dynamic meta-data level information in 
which receiving agents form expectations of the behaviour of the sending agents.[21] 
 
 
5.2  Inter-agent communication 
 
Communication enables agents to cooperate, coordinate their actions, and carry out tasks 
jointly. Without communication they would be ‘isolated, individual, deaf and dumb to other 
agents [5].’ The main research themes revolve around developing a common agent 
communication language, communication protocol and format for the content of 
communication, as well as transport protocol [22].  Significant break-throughs include the 
ACL (Agent Communication Language) protocol comprising Knowledge Interchange Format 
(KIF) and Knowledge Query and Manipulation Language (KQML). Whereas KIF handles 
knowledge representation and facilitates translation of knowledge formats, KQML focuses on 
message formats and message handling protocols.  
 
 
5.3  Co-ordination in a multi-agent system 
 
There are various approaches to co-ordination including [5] synchronisation of actions, co-
ordination of actions through planning, reactive coordination and eco-problem solving.  
Through synchronising actions and access to resources, it is possible to devise a mechanism 
that allows actions to articulate themselves correctly. Synchronisation provides coherence in 
the system and prevents interference between actions. Co-ordination by planning extends 
artificial intelligence planning paradigms adopted in single agent systems to a community of 
agents. In reactive co-ordination, the agents’ actions are responses to their perception of the 
environment.  Spatial relationships will define constraints and capacities for actions. They 
also set the cooperation relationships. In eco-problem solving, the problem is reformulated 
into a set of interacting agents pursuing individual goals. It consists of a core defining the 
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protocol to be followed by agents and a module encoded with the individual agent behaviour, 
which is moulded by the application domain. 
 
 
5.4  Negotiation 
 
Negotiation is a method of resolving disparities in a multi-agent system [13]. In a community 
of agents, each of them will be self-interested. The system needs to be designed in such a way 
that it is possible to have automated negotiation and coalition formation. The need for 
negotiation is created by the existence of a conflict requiring resolution among a set of self-
interested agents under conditions of bounded rationality and incomplete information. 
Automated negotiation can be structured into protocols and strategies. Examples of available 
protocols include auction protocol, dialogs, finite state machines and petri nets [23]. 
Strategies assess the utility of the outcome. Examples of strategies include mathematical or 
analytical, heuristic or evolutionary not forgetting to mention local and distributed strategies.  
 
 
6  Conceptual architecture 
 
In the envisioned system, a single set of electronic files contains all the desired information in 
one location. Table 1 and Figure 2 depict an agent-based systems in which a design 
professional, a constructor, a building regulation official or a maintenance operator, can click 
on any element in a CAD file and find out any desired information during any phase. 
 
Table -1: Usage Scenario 
Participant Agent-mediated specification or procurement activity 
Designer Automated Web-search for products and ability to ‘drag-and-drop’ 
intelligent building products into designs via a simple operation. 
Contractor Early receipt of automatically generated and complete specifications 
and automated transactions with suppliers & manufacturers. 
Supplier Improved inventory management stocking only what is needed; they 
are also able to offer more interactive e-catalogues and e-shops.  
Manufacturer Design for manufacturability and organising production line to 
coincide with time of requirement on site. 
Maintenance 
Operator 
Quick access to product attributes for servicing and replacement 
 
 
7  Future Directions 
 
The work presented in this paper is part of an on-going research project aimed at generating 
an agent-based intermediary architecture for Construction Industry specific e-marketplaces 
based on Zeus ToolKit [24]. Future activities include developing functional specifications for 
the proposed system, selecting and configuring appropriate role models to match the 
specifications, application design and finally, application realisation using the Agent 
Generator tool. The resulting prototype will be tested using both real and hypothetic test 
cases.
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9 Conclussion 
 
One of the greatest challenges in the highly fragmented activity of construction product 
specification and procurement is developing systems to support collaborative working 
practices. There is a need for technologies that can capture information about the operation of 
the built environment and feed that information back into the design, procurement, 
construction and operation process. This paper has demonstrated the potential of utilising 
agent-based technologies to existing these problems while at the same time providing a forum 
for exploring many of the issues involved in the development such systems. It has shown that 
the greatest problem in the specification and procurement of construction products emanates 
from fragmentation in the construction industry. Agent technology can adequately address 
this problem by providing means of modelling the operation as modules pursuing sub-goals 
and automating the collation of sub-goals into a unified target. A prototype system will be 
generated in the subsequent stages of this on-going research project at Loughborough 
University’s Centre for Innovative Construction Engineering. 
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Abstract 
This paper is a part of APRON; an on-going research project at Loughborough 
University’s CICE, which proposes to improve the specification and procurement of 
construction products through the use of agent-based technology. The paper gives an 
overview of APRON’s research domain. It explores the complexity of traditional 
procurement in construction and briefly discusses the transition to use of computer-
enabled technologies. The essence of e-procurement and the need for agent-based 
technology is outlined. The paper also gives an overview of intelligent agent technology 
focussing on implementation approaches, agent-to-agent interaction and agent standards. 
The potential obstacles to implementation of an agent-based e-procurement system and 
suggested solutions are discussed. Finally, the characteristics of an ideal domain for 
agent-based systems are used to illustrate the applicability of distributed artificial 
intelligence in e-procurement of construction products. Future directions in the APRON 
project are highlighted and a proposed architecture presented. 
 
 
1. Introduction 
1.1 Overview 
APRON is an on-going research project at Loughborough University’s CICE. It explores 
the applicability of distributed artificial intelligence in the specification and procurement 
of construction products. The project will contribute to the realisation of a fully 
automated e-procurement system in which designers can search for product specifications 
on the Web and insert intelligent building components into designs via a simple ‘drag-
and-drop’ operation. In such a system, detailed specifications are automatically generated 
and published on an electronic marketplace. Once a contract is awarded, the contactor 
can purchase goods ands services within the electronic marketplace with payments being 
processed automatically. Delivery is scheduled in a construction planning system and all 
relevant team members automatically receive notification of the transaction. 
 
1.2 Research Focus and Objectives 
E-procurement is an aspect of e-business, describing a scenario in which the procurement 
processes of a company are optimised through the Internet. It encompasses electronic 
tendering and procurement of goods and services. This is further discussed in subsequent 
sections. Due to the existence of a distributed computing environment with dynamic 
relationships among a large number of autonomous service requesters, brokers and 
providers, there is a need to automate such tasks as identification of requirements, 
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brokering, negotiating deals, making purchases and payment transactions. The solution 
lies in the use of software agents, which in very simple terms, are systems capable of 
autonomous, purposeful action in the real world (Brustoloni, 1991, Lieberman, 1997, 
Maes, 1994, Nwana, 1996 & Franklin and Graesser, 1996). APRON is a proposed agent-
based intermediary architecture for Construction Industry specific e-marketplaces.  
 
The specific objectives of APRON are to conduct a review of agent-based applications in 
construction; to investigate the integration of agent technology with existing computer 
applications; to develop a functional specification for an agent-based system for e-
commerce; to implement such a system; and to evaluate the system using appropriate test 
cases. Figure 1 shows a conceptual APRON framework. 
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Figure 1: Conceptual APRON Framework 
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APRON will increase the knowledge base by bringing in Contractors, Subcontractors, 
Suppliers and Manufacturers into the design function. Any user, be it a design 
professional, a constructor, a building regulation official or a maintenance operator, can 
click on any element in a CAD file as illustrated above, to find out any information as 
depicted in Figure 2. 
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Figure 2: Agent-Integrated Repositories 
 
2. Traditional Procurement Scenario and Waves of Change 
The Construction Industry is largely an information-sensitive industry with a highly 
fragmented and distributed supply chain and cost-driven procurement practices. It is 
difficult to provide and share common information due to the nature and complexity of 
construction applications. There has been pressure for the industry to devise techniques 
that improve efficiency, increase speed of production and at the same time reduce the 
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cost of new facilities. Communication in projects has been typically slow and this has led 
to loss of data as well as quality errors. Traditionally, design and construction data are 
duplicated rather than shared.  
 
Traditional procurement in the construction industry comprises several paper-based 
activities. Selection of a contractor is a long and tedious process. Meaningful 
communication would require all the parties to be at the same place. Early use of 
computers in construction was content creation, for example, the structural analysis 
software (dating back to the1960s), computer aided drafting (CAD) and design 
applications (from 1970s). Since the mid 1980s there has been a growing interest in the 
management of construction information and the application of IT (Turk, 1997).  
 
Procurement in construction has utilised EDI (electronic exchange of standard business 
documents between firms) for a number of years. In the recent years there has been a 
transition from traditional VAN-based EDI to Web-based applications. The Web 
provides an opportunity for the players in construction procurement to operate in a 
boundary-less environment. The differences in culture and languages, regulation and 
procedures, geographical location, processes and information systems have become 
trivial issues. But unlike traditional EDI, conventional Web sites are targeted at either the 
buyer or seller and not both simultaneously. 
 
 CAD systems have also been extended for use in networked environments but such use 
is still restricted to the intranets of one company (Lee, 1997). Integrating team members 
from other organisations has proved to be an uphill task given that the different 
organisations have different CAD/database systems. Yet standardisation remains 
undesirable due to a number of implications related to stagnation or exploitation.  
 
 
3. The essence of e-Procurement and the need for automation 
Procurement encompasses all activities involved in obtaining materials and services and 
managing their inflow into an organization towards the end user (Gebauer et al, 1998). In 
e-procurement, such activities are executed on an electronic network. E-procurement has 
decreased transaction costs and resulted in integrated supply networks (Segev et al, 
2000). Participants are exposed to a huge number of readily accessible alternatives. They 
now operate in an increasingly dynamic environment necessitating real-time 
communication. The Table 1 below summarises the main ways in which the Internet has 
revolutionised procurement. 
 
The information revolution outlined in Table 1 would not have been realized without a 
number of features of the Internet including: interactivity or communication, distributed 
or non-structured nature, co-operation and its being a large quantity/ heterogeneous 
quality of information (Kalfoglou and Carbogim, 2000). However, these features also 
cause a problem in e-procurement. In the words of Robert Shaw: ‘…the dynamic and 
distributed nature of both data and applications require that software not merely respond 
to requests for information but intelligently anticipate, adapt and actively seek ways to 
support users’ (Mehra, 1998).  
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Table 1: Effect of Internet on Procurement 
Internet Characteristic Procurement revolution 
Ubiquity and 
connectivity 
Linked business partners and 
facilitated electronic information 
exchange 
 
Immediacy and 
Interactivity 
Real-time communication 
Multimedia Supporting various information 
formats 
Universal interface and 
ease of use 
Platform independence and 
functionality across different 
performance capabilities 
Source: Gebauer et al: 1998 
 
The use of Internet has resulted in the evolution of a distributed computing environment 
with dynamic relationships among a large number of autonomous service requesters, 
brokers and providers (Chen et al, 2000). Organisations are exposed to a huge number of 
readily accessible alternatives in an increasingly dynamic environment necessitating real-
time communication. As a result, information filtering, information retrieval, evaluations, 
complex co-ordination tasks and time-based interactions have become inherent in e-
procurement. There is a need to automate such tasks as identification of requirements, 
brokering products, negotiating deals, making purchases and payment transactions.  
 
There is an urgent need for computer systems to mimic human functionality, at least far 
as the ability of man to act as an adaptive problem solver capable of handling new 
situations while on the move and to deal with incomplete, inconsistent information in 
real-time while at the same time making good business decisions based on judgement 
from experience. Software agents can be used for mediating users and servers, business 
intelligence (e.g. discovering buying patterns) as well as preserving data and in effect act 
as dynamic information sources. 
 
 
4. An overview of agent technology  
4.1 Implementation Approaches 
There are two main approaches for designing and implementing agents (Gini et al, 1999). 
Procedural approaches use scripting languages such as Tcl (tool command language) or 
mobile code such as Java applets. Declarative approaches are based on defining a 
universal agent communication language such as KQML (Knowledge Query and 
Manipulation Language). 
 
In the procedural approach, the different platforms and applications need a universal 
language. Issues in this approach include portability, connectivity and security. In the 
declarative approach, the language needs to be expressive enough to communicate 
various messages and reasonably compact. 
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4.2 Agent-to-Agent Interaction 
The existence of many agents in a system implies that there will be interdependency. 
Such agents develop a unified plan by recognizing and avoiding or resolving sub goals 
interactions. This is done using: a synchroniser agent; Functionally Accurate/ Co-
operative Model (FA/C) in which agents interact through ‘asynchronous, co-routine 
exchange of partial results;’ or Partial Global Planning (PGP). PGP evolved from FA/C 
model and it involves the use of dynamic meta-data level information in which receiving 
agents form expectations of the behaviour sending agents (Jennings et al, 1998). 
 
Some research efforts focus on precise teamwork modelling to cater for dynamic 
environments in which agents may fail to achieve goals or where there are new 
opportunities. An example of such an initiative is the joint intentions framework 
(Levesque et al, 1988), which builds on the practical reasoning model (Jennings et al, 
1998). Agents enter into a synchronised commitment protocol through negotiations on 
beliefs and attitudes with the consent of all the agents.  
 
Other models for co-operation in multi-agent systems include ‘SharedPlan Model’ and 
STEAM (Shell for TEAMwork) (Grosz and Sidner, 1990 & Gruber, 1993). The latter 
focuses on an attitude of intending that an action be done with a set of defined axioms for 
guidance. Derivatives of this model include COLLAGEN, a collaborative air travel 
interface agent (Rich and Sidner, 1997) and the GRATE system applied to electricity 
transport management (Jennings, 1993). STEAM is a hybrid of joint intentions and 
SharedPlans (Tambe, 1997). 
 
Negotiation refers to interactions among self-interested agents. The key elements include: 
self-interested agents; conflicts to be resolved; bounded rationality and incomplete 
information. Pioneers in this realm of agent research were Sycara and Rosenschein 
(Jennings et al, 1998). Their research was founded on game theory but this does not 
precisely model reality with its uncertainty and multiple criteria (Jennings et al, 1998).  
 
Agents need to find each other and inter-operate on the Internet. There are ‘middle 
agents’ such as ‘matchmaker’, ‘yellow pages’ and ‘broker agents’ which assist in this 
respect. As far as resource allocation among agents is concerned, various solutions have 
been developed from an economic perspective. 
 
 
4.3 Agent Standards  
There have been efforts in the past few years to create standards for intelligent agent 
application. Though many issues are still not resolved, there are some significant 
developments and some examples are outlined in the subsequent paragraphs  
 
Agent Communication Languages (ACL): The first ACL with widespread use was 
KQML. Outstanding issues include the lack of fixed specifications, interoperable 
implementations, and agreed-upon semantics. One of the roles of FIPA (Foundation for 
Intelligent Physical Agents) is to addresses such problems. Table 2 below summarises 
languages, communication and representation:  
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Table 2: Agent languages 
Language Usage Example 
Implementation languages Programming agents, 
environment, inter/ intra-agent 
parallelism, behaviour 
implementation, messaging, 
and object perception. 
Lisp, C/ C++, Java or 
Smalltalk 
Communication languages Facilitate co-ordination, co-
operation and integration of 
heterogeneous agents 
KQML 
Languages for describing 
behaviours and the laws of 
the environment 
Incorporate some details that 
aid in understanding the 
system and mask essential 
principles 
Languages based on 
production rules 
Languages for representing 
knowledge 
Used by cognitive agents to 
perceive the world for 
reasoning 
AI languages such as 
rule-based and 
blackboard-based 
languages 
Formalisation and 
specification languages 
They formalise the multi-agent 
system understanding and 
specify its modelling and 
implementation conditions 
Many forms - C++, 
rule-based languages, 
Prolog etc 
Source: Ferber,J., 1999. 
 
Open Profiling Standard (OPS): This addresses the provision of a uniform architecture 
guiding Internet site developers on how to use Personal Profile information to provide 
personalised services while protecting individual privacy (Feldman, 1999). 
 
Internet Engineering Task Force (IETF)/AgentX: The IETF’s AgentX is a standardized 
framework for extensible SNMP (Simple Network Management Protocol). SNMP is the 
network management protocol for TCP/IP agents (Feldman, 1999). 
 
Mobile Agents: The OMG (Object Management Group) Mobile Agent System 
Interoperability Facility (MASIF) is undertaking standardization efforts for mobile 
agents. Mobile agents are special software capable of moving between locations 
(Bieszczad et al, 1998). 
 
 
5. Barriers to the Adoption of Agent technology 
In general terms, the barriers to the implementation of multi-agent systems are either 
social or technical (Aylett, R., 1997). Social impediments include the lack of wide 
appreciation of the benefits of agent technology in the industry and shortage of skilled 
people. Related to this is the issue of trust, which is discussed in subsequent paragraphs.  
Examples of technical barriers include the lack of a universally accepted inter-agent 
communication standard. 
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Major barriers to agent technology adoption according to Jennings, Sycara and 
Wooldridge are (Jennings et al 1998): lack of a systematic methodology enabling 
designers to specify and structure their applications as multi-agent systems; lack of 
widely available industrial-strength multi-agent system toolkits thus a lot of effort is 
exerted on building basic infrastructure; and social barriers related to willingness to 
delegate tasks to agents. A detailed discussion on the main challenges is presented in the 
following paragraphs: 
 
Mobility: One problem related to mobile agents is their use someone else’s computing 
power. It is also difficult to distinguish between proper mobile agents and malicious ones 
that can wreak havoc with the remote computer system (Feldman and Yu, 1999). 
Suggested solutions include limiting the activities of mobile agents and confining their 
interaction with a specified site using an interface.  
 
Complexity:  It is impossible to create a database of practical knowledge. It is important 
to determine how much an intelligent agent needs to know. Information agents, for 
example, ‘need to know about finding information, delivering it in a timely fashion, and 
changing what they look for either as the user’s interests change or as the field itself 
evolves’ (Feldman and Yu, 1999). 
 
Trust:  Some of the main concerns include having confidence that: agents will properly 
interpret instructions; exercise discretions in sharing credit card information; agent 
solutions are optimal while executing under high pressure; agents will seek approval for 
every action; and that someone else’s agents is genuine among other concerns (Feldman 
and Yu, 1999). 
 
Security: There are a number of anxieties including fear of unauthorised information 
access; visiting agents accessing privileged information; and preventing other agents 
from accessing ESP (e-commerce service provider) or any other services. Agent-friendly 
systems may leave themselves open to viruses and tampering by other agents. There is a 
need for security measures to preserve the secrecy of agents and integrity from malicious 
execution environments (Feldman and Yu, 1999 & Corradi, 1999).  
 
Some security concerns are specific to the use of mobile agents. These include accessing 
or destroying privileged information, reducing resource availability on the ESP and 
malicious ESP tampering with agent code and state (Feldman and Yu, 1999 & Corradi, 
1999). Proposed solutions include the use of trusted third party (TTP) for verification. It 
can detect and prevent tampering. TTP is not a perfect solution. It is neither a free service 
nor does it apply to the global Internet environment. Use of TTPs for each visit to a site is 
also inconvenient where there is low bandwidth. 
 
The integrity problem can be solved using TTPs and Multiple-Hops (MH). MH is based 
on distributed protocol. Partial data is cryptographically linked to proof collected from 
some previously visited site thus forming some form of a chaining reaction (Feldman and 
Yu, 1999). There is a Java-based SOMA (Secure and Open Mobile Agent) initiative, 
which is a mobile agent framework for building and supporting secure e-commerce 
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applications on the Internet. One of its main features is a security infrastructure for 
authenticating and authorising agents to interact with resources. 
 
Some general remedies to a number of the issues raised include authentication of the 
agent to the host server and vice versa; giving the agent a limited ‘proxy’ or power to act 
in one’s place; and limiting agent access to the critical resources of the system (Feldman 
and Yu, 1999). Standard ACL (Agent Communication Language) can be used to limit the 
capabilities of agents. ACL allows a limited set of expressions (achieve, ask, deny, 
evaluate, forward, monitor, subscribe, tell, et cetera). This limits the agent’s ability to use 
its delegated authority.  
 
 
6. Applicability of agent-based technology 
An application domain for intelligent agents should be able to exploit the latter’s 
characteristics. Intelligent agents build on three pillars of a basic software agent: the 
ability to plan and set goals; reasoning about actions; and improving knowledge and 
performance through learning (Fingar, 1998). There are a number of attributes that make 
a given domain an ideal candidate for application of intelligent agent technology (Ferber, 
1999; Wooldridge and Jennings, 1998; Paranuk, 1998; Heilmann, 1996 & Paranuk, 
1996). E-procurement in the construction industry exhibits a number of these attributes: 
 
Complexity: Complex systems require modularity and abstraction. Complexity results 
from increased number of interactions among a set of elements. The e-procurement 
process in the Construction Industry embodies a number of parties and this increases the 
number of dimensions to the problem. Even within a single company, there may be 
different people handling different aspects of the project. For example, in an architectural 
firm, one designer could be dealing with the finishes while another one the openings. 
Intelligent agents are thus applicable for interactions between the different parties.  E-
procurement of construction products can thus be conceptualised as a society of co-
operating problem solvers. Agents in such an environment integrate an enterprise with its 
related management systems and its partners via networks.  
 
Decentralisation and distribution: Another desirable feature in an ideal domain is the 
existence of distributed of data, control, expertise or resources. E-procurement is an 
information intensive activity with need to integrate information from various sources 
such as other design team members, manufacturers, contractors and the local authorities. 
The distinct entities can be mapped onto problem solving agents enabling the distributed 
data to be processed at the source. All the necessary tasks can be broken down into 
standalone processes. In the construction industry, a centralised control computer is 
undesirable due to need to operate concurrently. It is therefore more advantageous to 
have agents ‘roaming’ across the various electronic networks offering links to distributed 
knowledge-based systems.  
 
Changeability: There has been a significant shift to executing construction-related tasks 
on the Internet. The Internet is an open system whose structure dynamically changes. 
Therefore there is a need for open, distributed, heterogeneous and flexible architectures. 
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Agents shift focus from systems with a particular configuration to the use of flexible 
agents ‘that can be swapped in and out as the entities they represent are shuffled around’ 
(Paranuk, 1996) enabling systems to adapt to changes in context of operations and 
changes in needs. As the agent architecture permits re-use of existing code and self-
configuration of the system, the cost and time for setting up a new unit in the electronic 
marketplace is reduced substantially.  
 
Ill-structured systems: Agents address the problem of unavailability of all the necessary 
information at the initial design stage. In a construction project it is not possible to have a 
perfect view of what lies ahead, for example, who can be certain about what lies beneath 
a site before the excavations? Variations in product specifications are inevitable. Agents 
can be used to support dynamism as more information becomes available. 
Heterogeneous Environments: Agents can handle the heterogeneous software and 
hardware inherent in e-procurement. The disciplines involved use different programming 
languages, represent data with different representation languages and models, and operate 
in different computing platforms. Agents are a sure way to realize translation and other 
capabilities necessary for interoperation or interaction.  
Cooperation: It was previously stated that procurement encompasses all activities 
involved in obtaining materials and services and managing their inflow into an 
organization towards the end user. The success of such a process naturally calls for co-
operation between designers, contractors, subcontractors, manufacturers and suppliers. 
Agents enable such cooperation to occur in an efficient and quick-response manner.  
Ubiquity/ Integration of humans with software and hardware: Agents make it possible 
for people and computers to be integrated to work collectively resulting in rapid access to 
required knowledge and information. They result in bi-directional communication 
environments. With the amount of information available on the Internet, e-procurement 
of construction products calls for a shift from use of ‘dumb computers.’ The publicly 
indexable web contained an estimated 800 million pages as of February 1999, 
encompassing about 15 terabytes of information or about 6 terabytes of text after 
removing HTML tags, comments, and extra whitespace (Lawrence and Giles, 1999). E-
procurement of construction products requires searching, querying and filtering out 
‘noise’ from this magnanimous library. Overwhelmed by ‘information overload’ (Maes, 
1994), procurers and their associates require agents to automate such tasks. 
Legacy systems: Software development is very dynamic. The tools available in 
construction e-procurement are not immune to this. There has always been a need to 
make the existing applications future-proof implying that when better tools become 
available, existing knowledge bases to not have to be redesigned.  The legacy systems in 
e-procurement can benefit from being incorporated into a wider co-operating community 
by techniques of agent technology, allowing interoperability of systems.  
Agent-based systems are most applicable where there is distribution, factorisation, 
variability and change (Paranuk, 1996 & Jennings, 1999). E-procurement of construction 
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products lends itself easily to agent-based abstraction since there are a number of sub-
systems. This process occurs in a dynamic environment comprising autonomous, 
distributed modules and heterogeneous infrastructure. The Internet is functionally 
expandable and overwhelmed with hierarchical virtual organisations. Agent-oriented 
decomposition can modularise the complex e-procurement setting into multiple, 
interacting, autonomous, proactive components.  
 
Agents can be used to support and/or automate such activities as information filtering, 
information retrieval, evaluations, complex co-ordination tasks and time-based 
interactions. Agent-initiated tasks are a powerful catalyst to increased Web traffic, as they 
start a chain of events that has a rapid multiplicative and draining effect on Web 
resources. This is why they have been sometimes labelled as the ‘cholesterol of the 
Internet’ (Mougar, 1997). Agents can be used to unify reasoning across the different 
disciplines involved in construction e-procurement.  
 
 
7. Future Directions 
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The next step in the APRON project is to develop an agent-based intermediary 
architecture for construction industry specific e-marketplaces depicted in. Figure 3 
illustrates the proposed multi-agent architecture, which will be extended gradually to 
incorporate all the disciplines involved in the specification and procurement of 
construction products. The agents offer specialised services either at individual level or at 
community level. The APRON project will be based on the Zeus Agent Building Toolkit 
developed by BT (available at URL: http://www.labs.bt.com/projects/agents.htm). 
 
 
8. Conclusion  
Agent technology offers procurement business integration of EDI minus its rigidity. 
When fully developed, e-procurement will reflect the real and complex world of multi-
seller, multi-buyer commerce. There will be a need for computer application 
interoperation and consistent information exchange protocols and formats. Agents shift 
the focus from integration to automation. The preceding sections have clearly illustrated 
that agents can play a significant role in construction procurement activities executed in 
electronic marketplaces. The paper has given a broad overview of the APRON project. It 
has described the traditional construction scenario and pointed out the waves of change 
from paper-based processes to Web-enabled processes. There is a brief narration of agent 
technology and obstacles to its implementation with possible solutions being highlighted. 
There is an appraisal of the applicability of intelligent agent technology. The paper ends 
with conceptual architecture indicating the future directions in the APRON project. 
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ABSTRACT 
 
The specification and procurement of construction products is largely an information 
intensive process. The successful implementation of an optimal system has been impeded by 
the existence of semi-structured or non-structured information held in catalogues in various 
formats. This problem is further compounded by the challenge of application integration. 
Consequently, a significant amount of time is spent by designers in gathering relevant 
information. This position paper is based on a project aimed at demonstrating how agent 
technology and XML can contribute to making the specification and procurement of 
construction products more effective and more efficient. The paper introduces the selected 
domain, pointing out the challenges in executing online activities. A road map for agent 
technology  both in the short term and in the long term is provided. A concept and model for 
an evolving prototype system is described. The paper ends by summarising the main themes 
in the paper and reaffirming the need to incorporate agents and XML technologies in online 
specification and procurement of construction products. 
  
Keywords: Agent-based, specification, procurement, Web Services, XML. 
 
 
INTRODUCTION 
 
Specification of construction products involves defining constraints that have to be satisfied 
in a particular artefact and delineating the desired attributes. Procurement is generally used to 
refer to all activities involved in obtaining materials and services and managing their inflow 
into an organization towards the end user (Gebauer and Segev, 1998). From these two 
definitions it is clear that activities involved in the specification and procurement of 
construction products are information intensive.  
 
Traditionally, specification and procurement activities involved a number of paper-based 
processes. However, Web-based applications are increasingly being used for information 
exchange. The widespread adoption of Web-based systems in these activities has resulted in a 
number of significant advantages. As far as information retrieval is concerned, the present 
Web provides links to documents therefore enhancing human collaboration. For example, in 
the procurement domain, Web-based technologies have been used successfully in such 
activities as determining optimal order size, managing schedules and maintaining optimal 
inventory levels.  
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Following the introduction of the Web, the world has witnessed an incredible boost in the use 
of distributed systems. The paradigm of e-business became increasingly popular. However, 
despite the Web spanning the entire globe, it has largely served as a link to documents rather 
than a direct link to the information contained within the documents. This problem is 
complicated by the magnitude of documents available online. Consequently technologies 
such as Web-based search engines are not able to provide very accurate responses to queries. 
The solution lies in developing systems that can provide links to the information contained in 
the online documents rather that the documents themselves. In the words of the team at the 
World Web Consortium, the Web needs to evolve from being a ‘Web of documents’ to a 
‘Web of data’ (Hendler et al, 2002). The Web of the future is to be defined and linked in a 
way that it can be used for more effective information discovery, automation, integration, and 
reuse across applications. 
 
The ‘Web of documents’ poses two sets of barriers to effective information management in 
the existing online specification and procurement systems. The first set of barriers is related 
to the fact that many manufacturers provide information in formats that are not easy to 
manipulate. Adobe PDF format is a popular format for many online product catalogues. The 
traditional search engine can potentially return Web pages with links to scores of such PDF 
documents, but if any meaningful information is to be extracted a human user must manually 
sift through all the irrelevant sections in a possibly immense number of documents to find the 
desired technical information.  
 
The underlying factor in the second set of barriers is application integration. Even when 
manufacturers start providing structured information, maximum value can only be reaped if 
there is a system that transfers content from one application to another. But since such 
systems are not common, integration of applications remains a costly activity. It has actually 
been established that over the past three years, corporate spending on application integration 
increased by over 70% (URL1). In the domain of specification and procurement of 
construction products, the resulting scenario is re-entering of data and, in some cases where 
this has been avoided, users of online catalogues use the ‘cut and paste’ functions. 
Superficially this may not appear to be a significant problem. However, when the number of 
possible documents to be analyzed is considered in a Web with limitless number of potential 
business partners, the task of manually transferring data would be very tedious. Value can 
therefore be reaped from having a mechanism to automatically extract content from one 
application and export it to another application. Recent developments in agent technology 
coupled with XML promise to result in systems with this functionality. 
 
This paper is based on the view that agent technology and XML can build on the existing 
Web techniques to alleviate the problems in the online specification and procurement of 
construction products. XML adds arbitrary structure allowing information providers to add 
meaningful tags to data. Software agents are, on the other hand, systems capable of 
autonomous, purposeful action in the real world. Further information on agent definition can 
be found in literature provided by various researchers (Brustolini, 1991, Ferber, 1999, Maes, 
1994, Franklin and Graesser, 1996, Jennings et al, 1998, Lieberman, 1997 and Wooldridge, 
1998). 
 
From the discussion in this section, it is clear that the fundamental problems in the online 
specification and procurement of construction products are handling the heterogeneous and 
unstructured nature of information, and integrating different applications. This section has 
also identified XML and agent technology as the solutions to these two problems. The rest of 
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the paper focuses on outlining a roadmap for agent technology and describing the concept 
and model for an agent-based specification and procurement system. 
 
AGENT TECHNOLOGY ROADMAP 
 
A review of the research work conducted from the early 1990s indicates that there was great 
interest in agent technology amongst many researchers and people had great expectations for 
agent-based systems. Superficially, this interest seems to have declined and software agents 
could be easily dismissed as just another hype. However, such notions could not be further 
from the truth. Software agents are growing in importance and will gradually become 
indispensable components of the Web of the future.  
 
It is natural for any new technology to have a time lag between the vision of the people in the 
research laboratories and wide-scale adoption in real life commercial application. Agent 
technology is still maturing and it will take at least another decade before there is a perfect 
match between the great expectations and implemented systems. Luck et al (2002) have 
predicted that agent technology will go through four major phases in its transition to maturity. 
These phases have been depicted in Figure 1: 
 
 
 
 Current 
2000 - 2002 
Near-term 
Future 
2003 - 2005
Medium-
term Future 
2006 - 2008
Long-term 
Future 
2009  
 
 
 
 
 Phase 1 Phase 2 Phase 3 Phase 4
 
 
Figure 1:The Agent Road Map 
 
Table 1 highlights some of the inherent characteristics of these phases. 
 
Period Characteristics 
Phase 1 Development by a single design team; 
Deployment in a single corporate environment; 
Common high level agent goals in a single domain. 
Phase 2 Development by a single design team; 
Deployment across corporate boundaries. 
Phase 3 Development by different design teams; 
Deployment of heterogeneous agent systems; 
Deployment in a single application domain; 
Having bridging agents to criss-cross domains. 
Phase 4 Open multi-agent systems crossing multiple domains; 
Development by diverse design teams. 
 
Table 1: Characteristics of Agent Technology Phases 
( Adapted from Luck et al, 2002) 
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The work presented in this project builds on previous work that resulted in an e-procurement 
framework for construction products (Ugwu et al 2002). Ugwu, et al developed an online 
system with a particular company in mind. Direct ‘agentification’ of this system would result 
in an agent-based application that fits neatly under Phase 1 in the agent technology road map. 
The ideas presented in this paper build on this electronic procurement system and seek to 
deliver a system with functionalities that would fall under Phase 2 and Phase 3. The evolving 
prototype system is being developed without consultation with the manufacturers to reflect 
the fact that the Web of the future will have so many potential links that it would not be 
possible to have the information providers as part of the system design team. The system will 
be deployed to cross corporate boundaries using the resources provided in the public domain 
by different software design teams. Such information will inevitably have to be structured 
into formats that can be manipulated by the system. The system will therefore demonstrate 
how the information that already exists can be incorporated into an agent framework. The 
following section defines the evolving prototype. 
 
THE APRON CONCEPT AND MODEL 
 
Overview 
 
The implementation of APRON (agent-based specification and procurement prototype 
system) is currently in progress. The basic assumption in the implementation of the prototype 
system is that the users will have a general idea of the kind of products they are looking for. 
They use the system to filter through the vast quantity of unstructured information on the 
Internet. 
 
APRON Requirements 
 
a) APRON Initialisation 
Requirement 1: Starting up the system:- The user should be able to start up the software from 
within an existing application. AutoCAD has been selected as an example for such 
integration. 
 
Requirement 2: Prompting the user for input:- The system should provide a user interface, 
which allows the user to specify his/ her requirements. The interface with the user should 
have two levels of help: one of them provides a step-by-step guidance to novice users while 
the other assumes the user is experienced. 
 
Requirement 3: Interfacing with the rest of the system:- The system should provide a 
mechanism for the information keyed in by the user to be stored and used in a customised 
search for information. 
 
b) Primary Source Extraction 
Requirement 4: Maintaining a local repository of information:- APRON should have a local 
database of information on various products. This database should be regularly updated from 
the various primary sources. 
 
Requirement 5: Obtaining new sources of information:- There should be a mechanism for 
checking the Internet for new information on products. There should also be a mechanism for 
structuring the information using templates within APRON that can be modified by the user. 
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Requirement 6: Searching for a match with the specified user’s requirements: - The system 
should have a search facility, which looks for a close match between the requirements 
previously specified by the user and the available product information. 
 
c) Reporting Functions 
Requirement 7: Reporting to the user: - The system should have a facility for producing a 
summary and relaying the results to the user. The user should be able to view the report from 
within AutoCAD or another appropriate application. The information should be in a format 
that can be viewed from various devices such as desktops, mobile phones and pocket PCs. 
 
Requirement 8: Prompting user for feedback on report: - The system should also allow the 
user to comment on the report. The user can either accept or reject this report. 
 
Requirement 9: Taking action on feedback: - Should the user be content with the 
recommendations from APRON, the whole process terminates. If, on the other hand, the user 
is not content, he/ she can re-initialise the whole process and modify the search. 
 
d) User Prerogative to Interrupt Search 
Requirement 10: Accepting Interim Report Request: - The user should be able to interrupt the 
search process at any time should he/ she desire to see an interim report on the products that 
have been found. 
 
Requirement 11: Search Termination: - The user should be able to instruct the system to 
abandon searching for product match at any time. 
 
APRON Conceptual Architecture 
 
The APRON prototype is a Web-based framework that is to be supported on an information 
provider’s portal. A client application is used for interaction with the end user. All the major 
functions are executed on the information provider’s server. In the implemented prototype 
system, the wrappers retrieve information from Philips lighting catalogue. This can be easily 
modified to accommodate a different manufacturer with information in any format. 
 
The agents in APRON comply with FIPA (Federation for Intelligent Physical Agents) 
specifications. FIPA is a consortium whose primary aim is to promote technologies and 
interoperability specifications that enable agents and agent systems to inter-work in 
heterogeneous settings (FIPA, 2001). The agents provided by the information provider. 
 
There are four types of agents as depicted in Figure 2: 
 
• The personal agents (interfacing with the users); 
• The wrappers (interfacing with legacy data); 
• The mediator (interfacing with other agents); 
• The facilitator (offering directory services). 
 
The scope of APRON has been restricted to integrating with only a few information sources. 
The information sources to be modelled in the system include product catalogues, databases, 
digital libraries and Web services. The desired information could be in various other sources 
but these four have been selected to demonstrate flexible agent-based application integration 
due to time and other resource constraints.  
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Agent Supported 
Web Services 
Mediator
Mediator
Digital  
Library 
Database Product 
Catalog 
Wrapper WrapperWrapper
FacilitatorBy selecting this 
valve, any user is able 
to view its attributes. 
Personal
ATTRIBUTES 
View_Name, MINIMUM  
Specific-Gravity, 1,00, n/a  
Flow, 1400.00, gmp  
Temperature, 100.00, 
Fahrenheit 
Outlet_Pressure, 23.70, psi 
Inlet Pressure, 27.90, psi 
 
Figure 2: APRON Conceptual Architecture 
 
Web-based catalogues are a natural choice because most of the Web-based information on 
construction product is available in catalogues in various formats. An informal survey 
revealed that Adobe PDF is a popular format for product catalogues and the prototype is 
therefore developed to manipulate information contained in this format.  
 
Object-oriented programmers generally believe that the best application integration solution 
is one that communicates with the manufacturer’s database. APRON provides such an 
interface to demonstrate how agent technology can complement object-oriented paradigms 
where such databases are available. In the implemented format, an interface with a local 
database has been provided. Since the adopted development environment is java-based, it is 
possible to use the JDBC to access most of the common databases. Closely related to 
databases, are digital libraries. Significant work has been done in this area and there are 
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indications that construction product manufacturers have an interest in investing in this 
technology. An example of such efforts can be found at URL2.  
 
The final category of information sources selected is Web Services. Web Services are a 
developing technology stack for representing services and service access in the Internet world 
(URL3). The APRON project proceeds on the assumption that Web Services will experience 
widespread uptake among the e-business community. 
 
Software agents only address part of the problem of integrating disparate pieces of 
information. Standards such as IFCs (Industry Foundation Classes) play a very important role 
in the integration of heterogeneous information sources and formats. An ontology for lighting 
bulbs has been developed for the APRON project. This serves as a schema enabling common 
understanding of common terms. There is a great scope to extend this ontology into a 
standard for defining lighting bulbs.  
 
SUMMARY AND CONCLUSION 
 
Efficient execution of online specification and procurement of construction products is 
currently impeded by the fact that the existing technologies generally support retrieval of 
documents rather than the retrieval of data contained within the documents. This paper is 
based on the premise that recent developments in agent technology can help alleviate the 
problems associated with the implementation of an online specification and procurement 
system. The paper has defined the selected application domain and pointed out the 
technological gap existing in the current online specification and procurement systems. It has 
also provided a road map for agent technology and pointed out how the evolving prototype 
fits in the identified phases. A concept and model for the prototype has been described. This 
includes a detailed description of the various elements in the system. The detailed 
requirement analysis for the prototype system presented in this paper will be used to evaluate 
the system. 
 
The central theme of the paper is the potential deployment of agent-enabled technologies in 
the specification and procurement of construction products. The case presented in the paper 
will be further supported through the deployment of APRON (agent-based specification and 
procurement) prototype. The proposed APRON prototype is an integrated framework for 
managing the processes of converting legacy information on construction products into e-
business ready formats and then maintaining a user friendly interface to that information.  
 
APRON aims to improve the efficiency of online systems for specification and procurement 
of construction products through incorporating software agents. The agents embody Web 
systems with the ability to return relevant, accurate and up-to-date information in response to 
requests submitted by the design team. The successful outcome of this effort is expected to 
propagate the use of agent-related technologies into e-business activities within the 
construction industry to reduce the significant amount of time spent by the design team in 
acquiring information and gaining knowledge about construction products. A widespread 
adoption of the proposed agent-based technology will advance the construction industry into 
the use of a ‘Web of data’ rather than a ‘Web of documents.’ 
 
The only way to realize the vision of creating a ‘Web of data’ is through implementation of 
systems, such as the one described in this paper, that are capable of reasoning on and 
manipulating the data contained within online documents. The approach adopted in the 
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deployment of the APRON prototype builds on a number of existing Web technologies and 
provides interfaces to legacy information sources through an agent-integrated approach. 
Future work in this project will involve evaluating the resulting prototype using selected test 
cases and refining the prototype. 
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APPENDIX D PAPER 4 
Specification and Procurement of Construction Products: The case for an Agent-based 
System, Accepted for IT-AEC. 
 
Accepted for IT-AEC 
Computing applications complicate communication further. The disciplines involved in 
the specification of construction products use different programming languages, represent 
data with different representation languages and models, and operate on different 
computing platforms. Such differences are visible even in teams within the same 
company. This can be attributed to the existence of a multitude of computing 
applications. In the most recent CICA’s (Construction Industry Computing Association) 
listing, there were approximately 1800 solutions specific to or customised for the 
construction industry listed under the software directory [26].  
 
One very challenging aspect of the problem caused by computing is handling dynamism 
of software development. It is almost as if as soon as people master the use of one 
application, software developers come up with a new release. The numerous computing 
applications used in the specification and procurement of construction products are not 
immune to this problem. There is a need to make the existing applications future-proof to 
avoid having to redesign information sources when new software releases become 
available. Software agents can provide means of making the latest software releases 
interoperate with legacy systems. 
 
Finally, the different construction product information sources form distinct entities that 
can be mapped onto problem solving agents. Such distributed data can be processed at 
the information source with relative ease. All the necessary tasks in these activities can be 
broken down into standalone processes, which can be delegated to agents. 
 
Clearly, specification and procurement of construction products involves complex and 
diverse communication and will therefore benefit from the use of software agents. 
 
 
3.2 A narrow, specific and restricted domain 
 
Rationale: As explained in the previous sub-section, agents simplify communication. For 
this to be of any benefit to an organisation, the process of simplifying communication 
should be manageable. It should be possible to restrict the scope to agent tasks, which 
would not take an individual human being more than a few hours to solve otherwise 
writing rules for automation becomes a tedious and complicated task. 
 
Cues: The greatest value from using software agents can be realised only when it is 
possible to precisely articulate the problem.  
 
Evaluating the specification and procurement of construction products: The best 
way to illustrate how the specification and procurement of construction products satisfies 
this requirement is to actually model an agent in this domain. A simple valve 
specification agent has been described Table 1. 
 
Table 1: Usage Scenario 
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Many companies offer some technical information, including aspects relating to 
construction products, on the Internet [2]. Such use of the Internet has resulted in the 
emergence of complex relationships. Specification and procurement of construction 
products now occurs in a distributed computing environment with dynamic relationships 
among a large number of autonomous service requesters, brokers and providers [3]. 
Organisations are exposed to several readily accessible alternatives in an increasingly 
dynamic environment necessitating real-time communication. Consequently, information 
filtering, information retrieval, evaluations, complex co-ordination tasks and time-based 
interactions have become inherent in specification and procurement of construction 
products. When such processes are executed manually, they take up significant time. 
 
These challenges can now be adequately addressed given that the latest developments in 
information technology model problems quite similar to the fragmentation in the 
construction industry. Some emerging solutions build on Artificial Intelligence paradigms 
such as software agents. Agents present a distributed approach to locating, retrieving and 
integrating information. They, therefore, result in applications that co-operate, co-
ordinate and share their information with other applications.  This paper is a based on 
APRON (Agent-based Specification and Procurement of Construction Products); a project that 
uses an agent-based approach to develop an accurate and efficient way of allowing 
specifiers and procurers to access and manipulate information on construction products 
through the Internet. 
 
It is not easy to define the term ‘agents.’ Nwana [4] provides a number of explanations 
for this difficulty: it is a common term in every day conversion; it encompasses a broad 
area; it is a meta-term and researchers in this area have come up with such synonyms as 
‘bots’, ‘spiders’ and ‘crawlers.’ Various researchers have defined the term ‘agent’ in 
various ways depending on their interests, but some common attributes of agents emerge 
in all these definitions [5], [6], [7], [8], [9] and [10]. There is a general consensus that 
software agents exist in an environment. They can sense the conditions in the 
environment and such senses may affect how they act in future. Software agents are also 
perceived to be adaptive and capable of learning. They are proactive, exhibiting goal-
directed behaviour. The execution of tasks occurs autonomously (without human 
intervention). It, therefore, suffices to describe agents as systems capable of autonomous, 
purposeful action in the real world.  
 
There are a number of closely related paradigms that need to be distinguished from 
agents. Although software agents are programs, many ordinary programs are disqualified 
from being agents by two basic arguments. Firstly, the output has no effect on what it 
later senses and, secondly, these ordinary programs lack temporal continuity [7]. Process 
control systems and software demons exhibit some features of agent-based systems but 
they lack intelligence and flexibility. Agent technology bears close resemblance to other 
paradigms such as artificial intelligence, systemics, distributed systems, expert systems, 
remote programming and object- oriented programming. This is not surprising because 
such techniques provide the base on which agent technology is built [10], [11], [12], [13] 
and [24].  
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The information presented in Table 1 illustrates how the various aspects of specification 
and procurement of construction products can be readily broken down into simple agent 
tasks. It is evident that the specification and procurement of construction products as an 
application domain is narrow, specific and restricted enough to allow for easy 
deployment of agents. 
 
 
3.3 Inability to specify system behaviour on a case-by-case basis  
 
Rationale: If high levels of flexibility and adaptiveness were deemed as important 
attributes of a required system, then an agent-based approach would be worth 
considering. It has been established that agents-based systems are highly modular 
enabling isolated development of individual agents and/or their organisational groupings 
[27]. Such components can therefore be added in an incremental manner to create the 
whole system.  
 
Cues: An ideal domain for an agent-based solution should require a system that will exist 
in a relatively unknown environment in which it is impossible to foresee all future 
situations. Agent-based systems can also be used in this context to model systems whose 
performances gracefully degrade as uncertainty increases. Domains that present several 
routes to attaining a goal depending on the prevailing circumstances are also ideal. 
 
Evaluating the specification and procurement of construction products: The 
construction industry exhibits a number of the challenges that can be handled by agent-
based systems. The first challenge emanates from shift to executing construction-related 
tasks on the Internet, an open system with a dynamic structure. This has resulted in the 
need to develop open, distributed, systems with heterogeneous and flexible architectures. 
The use of software agents shift the focus from developing systems with a particular 
configuration to the inclusion of flexible (objects) agents ‘that can be swapped in and out 
as the entities they represent are shuffled around’ [28]. Such systems can adapt to 
changes in the context of operations and changes in needs.  
 
A second challenge emanates from the way construction information evolves from being 
very sketch at the inception of any projection to detailed drawings that are issued during 
execution. At the start of a construction project, it is not possible to have a perfect view 
of what lies ahead. The performance of the whole process ‘gracefully degrades with 
increase in uncertainty’ and variations in product specifications are inevitable. An agent-
based system would enable the various parties involved to easily expand or modify their 
information systems as more information becomes available. 
 
The final challenge in this context revolves around the fact that construction professionals 
generally have to choose from myriad options to choose from, each of which may be 
appropriate depending on the usage scenario. It therefore becomes impossible to 
adequately specify system behaviour on case-by-case basis. Because the behaviour of a 
software agent is goal directed, it becomes easier to adapt to the prevailing circumstances 
and select the best route to achieve the goal. 
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3. A case for agent-based specification and procurement of construction products 
 
Software agents have a large repertory of attributes as indicated in the preceding section 
that could potentially extend the performance business information systems developed 
using conventional techniques such as object-oriented programming [12]. The key 
features in a software agent’s basic anatomy include: autonomy, reactivity and the ability 
to communicate, plan and set goals, reason about actions and learn. Agents can therefore 
serve as the basis for developing software solutions that can effectively automate and 
augment e-commerce processes [22], but this notwithstanding, the use of a powerful 
abstraction to address a problem is not always justifiable. There are many issues that can 
be resolved using conventional technologies. The use agent technology in situations that 
could be adequately addressed without the highlighted added sophisticated inherent in the 
paradigm would be an overkill solution [23]. This section defines the guideline that was 
used to identify the specification and procurement of construction products as a relevant 
problem area for the deployment of an agent-based solution. The themes in this guideline 
was developed and validated using the diverse experiences of researchers in agent 
technology [6], [13], [21], [23] & [24]. These themes have not been outlined in any 
particular order. 
 
3.1 Handling complex or diverse communication 
 
Rationale: Since agent communication is represented in terms of communicative actions, 
content language and ontology, the use of software agents results in simpler interfaces, 
code reuse and analysis or design reuse [23]. This is beneficial in situations where 
complex or diverse types of communication are required. 
 
Cues: The core activities in an ideal domain for an agent-based solution should be based 
on human-oriented communication. The problem should also require a solution that is 
more cognitive than computational in nature. Communication in an ideal domain may be 
complicated by a need to integrate several heterogeneous, stand-alone applications and 
legacy systems. If the information required in the domain is only available as several 
different limited portions, then there may be value in investing in agents. 
 
Evaluating the specification and procurement of construction products: As pointed 
out earlier, the essence of the specification process is to define an artefact with certain 
desired attributes. Communication forms a vital part of this activity since it occurs in a 
naturally distributed and decentralised context. The problem is cognitive and involves a 
significant amount of intuition. Activities in this domain require tools that can reason 
with uncertain or incomplete information because some information is only available 
during the advanced stages of any given project.  
 
Bielawski and Lewand [25] point out that agents should solve problems that cannot be 
adequately solved by common sense reasoning. Many decisions made in the specification 
and procurement of construction products are based on the recommendation of an expert. 
For example, selection of a product that will comprise a structural member will be guided 
by a structural engineer’s stipulations on the strength of materials. 
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Computing applications complicate communication further. The disciplines involved in 
the specification of construction products use different programming languages, represent 
data with different representation languages and models, and operate on different 
computing platforms. Such differences are visible even in teams within the same 
company. This can be attributed to the existence of a multitude of computing 
applications. In the most recent CICA’s (Construction Industry Computing Association) 
listing, there were approximately 1800 solutions specific to or customised for the 
construction industry listed under the software directory [26].  
 
One very challenging aspect of the problem caused by computing is handling dynamism 
of software development. It is almost as if as soon as people master the use of one 
application, software developers come up with a new release. The numerous computing 
applications used in the specification and procurement of construction products are not 
immune to this problem. There is a need to make the existing applications future-proof to 
avoid having to redesign information sources when new software releases become 
available. Software agents can provide means of making the latest software releases 
interoperate with legacy systems. 
 
Finally, the different construction product information sources form distinct entities that 
can be mapped onto problem solving agents. Such distributed data can be processed at 
the information source with relative ease. All the necessary tasks in these activities can be 
broken down into standalone processes, which can be delegated to agents. 
 
Clearly, specification and procurement of construction products involves complex and 
diverse communication and will therefore benefit from the use of software agents. 
 
 
3.2 A narrow, specific and restricted domain 
 
Rationale: As explained in the previous sub-section, agents simplify communication. For 
this to be of any benefit to an organisation, the process of simplifying communication 
should be manageable. It should be possible to restrict the scope to agent tasks, which 
would not take an individual human being more than a few hours to solve otherwise 
writing rules for automation becomes a tedious and complicated task. 
 
Cues: The greatest value from using software agents can be realised only when it is 
possible to precisely articulate the problem.  
 
Evaluating the specification and procurement of construction products: The best 
way to illustrate how the specification and procurement of construction products satisfies 
this requirement is to actually model an agent in this domain. A simple valve 
specification agent has been described Table 1. 
 
Table 1: Usage Scenario 
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The information presented in Table 1 illustrates how the various aspects of specification 
and procurement of construction products can be readily broken down into simple agent 
tasks. It is evident that the specification and procurement of construction products as an 
application domain is narrow, specific and restricted enough to allow for easy 
deployment of agents. 
 
 
3.3 Inability to specify system behaviour on a case-by-case basis  
 
Rationale: If high levels of flexibility and adaptiveness were deemed as important 
attributes of a required system, then an agent-based approach would be worth 
considering. It has been established that agents-based systems are highly modular 
enabling isolated development of individual agents and/or their organisational groupings 
[27]. Such components can therefore be added in an incremental manner to create the 
whole system.  
 
Cues: An ideal domain for an agent-based solution should require a system that will exist 
in a relatively unknown environment in which it is impossible to foresee all future 
situations. Agent-based systems can also be used in this context to model systems whose 
performances gracefully degrade as uncertainty increases. Domains that present several 
routes to attaining a goal depending on the prevailing circumstances are also ideal. 
 
Evaluating the specification and procurement of construction products: The 
construction industry exhibits a number of the challenges that can be handled by agent-
based systems. The first challenge emanates from shift to executing construction-related 
tasks on the Internet, an open system with a dynamic structure. This has resulted in the 
need to develop open, distributed, systems with heterogeneous and flexible architectures. 
The use of software agents shift the focus from developing systems with a particular 
configuration to the inclusion of flexible (objects) agents ‘that can be swapped in and out 
as the entities they represent are shuffled around’ [28]. Such systems can adapt to 
changes in the context of operations and changes in needs.  
 
A second challenge emanates from the way construction information evolves from being 
very sketch at the inception of any projection to detailed drawings that are issued during 
execution. At the start of a construction project, it is not possible to have a perfect view 
of what lies ahead. The performance of the whole process ‘gracefully degrades with 
increase in uncertainty’ and variations in product specifications are inevitable. An agent-
based system would enable the various parties involved to easily expand or modify their 
information systems as more information becomes available. 
 
The final challenge in this context revolves around the fact that construction professionals 
generally have to choose from myriad options to choose from, each of which may be 
appropriate depending on the usage scenario. It therefore becomes impossible to 
adequately specify system behaviour on case-by-case basis. Because the behaviour of a 
software agent is goal directed, it becomes easier to adapt to the prevailing circumstances 
and select the best route to achieve the goal. 
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3.3 Handling negotiation, co-operation and competition among different entities 
 
Rationale: Agents generally exist in the context of multi-agent communities and their 
behaviour derives from the interaction among constituent agents [29].  
 
Cues: Problems that require solutions that can handle concurrent execution of multiple 
tasks with conflicting goals are ideal candidates for agent-based solutions. Other 
qualifying features include the existence of multiple stakeholders with different interests, 
and the existence of problems that are both too complex for a monolithic solution and too 
difficult to decompose into independent sub-problems. 
Evaluating the specification and procurement of construction products: 
Specification of construction products is executed as a multi-disciplinary operation 
meaning that in any project, there are different points of view. The various disciplines 
involved have compartmentalised themselves over time. Each of them has evolved a 
unique view of the world and developed special terminologies. Each discipline pursues 
built-in goals, which may conflict with the global goals of the design; for example, 
aesthetics goals may conflict with keeping the budget low. Due to focussed expertise, 
certain solutions are only true ceteris paribus (all things held constant). When one person 
makes changes, all the other disciplines may have to pursue new goals. 
There are a number of stakeholders: the client wants a habitable space, the regulatory 
bodies demand compliance with stipulated codes and by-laws and the contracted 
companies seek to maximise their profits. In extreme situations parties quite remote to the 
contract may feature. For example, environmentalists and people concerned with 
maintaining a certain look and feel for heritage or cultural reasons. 
There are also other issues that can be adequately addressed using software agents. 
Disciplinary design is presented in big modules hiding details that may be necessary for 
integration [30]. Further complexities arise from multifaceted interactions; multiple 
disciplines may focus on one parameter simultaneously. In addition to these problems, 
the counter-intuitive behaviour of many designers needs to be modelled. Intuition is 
ineffective or adverse when constraints become active and comprehensive studies are 
needed to integrate the problem. Through modularity and abstraction, agents offer means 
of dealing such complexities.  
 
 
3.5 Need for autonomous execution 
 
Rationale: An ideal application domain must demonstrate a need for the advanced level 
of autonomy inherent in agent-based systems [24]. 
 
Cues: The deployment of agents in a given domain makes sense only when there is a 
need for a system that is capable of acting on behalf of a user. 
 
Evaluating the specification and procurement of construction products: The publicly 
indexable Web contained an estimated 800 million pages as at February 1999, 
encompassing about 15 terabytes of information or about 6 terabytes of text after 
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removing HTML tags, comments and extra whitespace [31]. Specification of construction 
products requires searching, querying and filtering out ‘noise’ from this magnanimous 
library. Even within construction industry-specific Web sites there are numerous portals. 
By early 1999, there were 150 to 200 Internet companies focusing on construction 
industry-specific e-commerce, with an estimated investment exceeding $1billion or about 
£671 million [32]. Overwhelmed by ‘information overload’ [33], specifiers require agents 
to automate the execution of some tasks. 
 
 
4. Discussion 
 
The five basic arguments presented in the preceding section demonstrate that there is a 
major scope for agent-based specification in the specification and procurement of 
construction products. There is, however, a need to further demonstrate the commercial 
viability of the approach, particularly because agent-based e-commerce applications 
(unlike other application domains such as distributed, networked applications) have only 
had limited success [34]. The slow uptake can easily be attributed to the fact that e-
commerce is a very new domain with supporting technologies maturing gradually. 
Naturally, commercial investment will initially be minimal and a number of cultural 
hurdles will have to be overcome. Developers in agent technology will have to actively 
crusade for enthusiasm from potential investors. The arguments developed in the 
preceding section can be used to demonstrate that agent agent-based solution can provide 
a competitive advantage in e-commerce in a number of ways as outlined below: 
 
• Agent-based solution result in a new and innovative way of handling problems 
and therefore, make a difference to the way the organisation operates; 
• Agent-based solutions can automate repetitive functions and therefore, free 
employees from performing routine tasks - this increases productivity and profits; 
• Agents can propagate and proliferate knowledge, and therefore make the process 
of handling knowledge more efficient by (for example, when knowledge from 
previous projects is wrapped using an agent, it becomes easy to preserve and 
reuse it); 
• Domains that have multi-player or multi-criteria decision-making can ensure 
consistency through the use of software agents. 
 
Within the context of specification and procurement of construction products, the value 
of deploying an agent-based solution becomes apparent when problems emanating from 
fragmentation prevent the free-flow of information. Figure 1 provides a three-
dimensional illustration of this fragmentation. 
 
Figure 1: Dimensions of Fragmentation 
 
It is clear from the diagram that requisite information is physically dispersed among the 
various professions and further distributed across the various construction phases.  Such 
problems have been compounded on the electronic networks through, for example, the 
use of different computing applications and the displaying of information in 
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heterogeneous formats. This has resulted in a need to facilitate communication across 
different applications. Although there have been tremendous strides in the area of 
application integration, there is still significant scope for further improvements [35]. The 
traditional object-oriented paradigms are not capable of adequately addressing these 
problems. Schulte and Altman, [35] describe the two aspects of complicated nature 
Application-to-Application integration. The simpler aspect of this problem emanates 
from the fact that codes within an application program have often been modified several 
times. The more complex aspect problem is the ‘inter-application spaghetti’ that links 
programs and databases across an enterprise and its e-business networks as depicted in 
Figure 2. There is a gap that can be filled with software agents. The agents’ ability to 
provide autonomous integration of legacy data can be used to provide interfaces to the 
depicted complex mesh. APRON agents will use this capability to support the 
specification and procurement of construction products. 
 
Figure 2: Application Integration Spaghetti 
 
It is easy to assume that the e-business sector is adopting standards to address the 
heterogeneity problem. Researchers who have adopted this point of view may believe 
that the potential role of software agents as diminished by standards. This is, however 
very far from reality. Standards cannot eliminate the application integration role played 
by agents in collating information from diverse sources. McCoy and Thompson [36] 
present three main arguments affirming this view. Firstly, none of the existing standards 
is mature enough (the standards lack a critical mass). Secondly, while it is possible that 
some robust standards will eventually reach maturity, they still face the challenge of 
scope: adopting one set of standards generally excludes another community using 
different standards. Finally, heterogeneity is ‘a moving target’ with new strains emerging 
all the time. The APRON prototype system enables specifiers and procurers of 
construction products to easily access and manipulate information from heterogeneous 
sources. 
 
There is an obvious correlation between APRON and search engines. However, a critical 
review of the former would reveal that its functionality is more sophisticated and yields 
more accurate and precise results compared to traditional search engines. The superiority 
of the APRON search functionality manifests itself in three basic ways. Firstly, search 
engines bring back documents while APRON agents will bring back specific information 
contained in the documents. Secondly, the response from typing in a keyword in a search 
engine can potentially result in a magnanimous quantity of replies while APRON narrows 
the search based on a more intimate knowledge of the user. Finally, search engines often 
have directory-like services, which are assembled by human indexers through a long, 
tedious task. Such processes are not as dynamic as the Web and often result in incomplete 
indexes. The APRON agents execute their task dynamically. APRON provides agents 
that can provide focussed information to support a specific information analysis task. 
 
Because agents are capable of several of advanced things (such as making informed 
decisions; learning and adapting over time; communicating with other agents, and 
integration with legacy systems), their use in this context would complement the existing 
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technologies in the quest to integrate the fragmented team. The existing e-commerce 
applications for the construction industry have made a significant contribution through 
the deployment of technologies that increase the volume of information available 
electronically. The inclusion of an agent-based component would improve the quality of 
such information through automated filtering. Agent services such as brokering, 
translation and coordination can be used to save the time spent in gathering information. 
The agents handle the various dimensions of fragmentation and increase the 
knowledgebase. These can add value to the operations involved in the specification and 
procurement of construction products. 
 
An APRON (agent-based specification and procurement system) prototype has been 
implemented based on this premise. The APRON prototype was modelled using the 
established mediation/wrapper methodology, that was used in, for example, the 
InfoSleuth prototype [37] and the SEEK prototype [38].  In this approach, the developed 
solution constitutes a software middle layer between the semi-structured repositories of 
construction products and the end-user applications utilised in specification and 
procurement. This is depicted in Figure 3.  
 
 
  Figure 3: The APRON Architecture 
 
There are three distinct, intercommunicating layers. The construction product 
manufacturers are at the top level in the architecture. Manufacturers display details of the 
various product offerings as semi-structured data on the Internet. The kernel of the 
architecture is the e-marketplace of an Information Provider, who uses the Internet to 
ensure that requisite project information is available to all the key players in the 
construction project supply chain. This e-marketplace hosts the APRON solution, which 
comprises the Download, Extraction, Structuring, Database, Search and Procurement 
Modules. The e-marketplace also holds a repository of relevant standards that can be used 
as XML schemas for structuring the extracted information. The final layer comprises the 
end-user firms in the specification and procurement of construction products. The focus 
in these firms is providing an automated interface to the computing applications used by 
specifiers and procurers. A client application has been deployed to allow such end-users 
to communicate with the APRON Web Service.  
 
The APRON system provides a link between the Web site holding product information 
and the applications used in the specification and procurement of construction products. 
The Download Module maintains real-time access with these Web sites. Text is then 
extracted from the downloaded file, and using previously defined XML schemas, 
structured into a context-specific format. Industry standards, such as IFCXML and 
bcXML, can be easily adopted and used to create an XML template for structuring the 
extracted information. The APRON system also stores the relevant information in a 
database. Information for the specification and procurement of construction products is 
obtained from this database. Specifically, APRON, provides a Web-based search engine, 
which can be used to execute context-specific queries for construction products. The 
APRON solution also offers a framework for automating the procurement of specified 
products. The Procurement Module has two types of agents: a buyer agent and a seller 
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agent representing product procurers and product sellers respectively.  The two agents 
exchange requisite information and automate the transactions involved in the 
procurement of construction products. 
 
5. Conclusion and Summary 
 
The paper introduced the selected application domain, the specification and procurement 
of construction products, and highlighted the problems inherent in these activities. Agent 
technology is identified as a potential solution to these problems. The working definition 
for software agents has been derived from their well-known attributes and the distinction 
of agent paradigm from other closely related technologies. An overview of closely related 
work has been presented in the paper. The main section of the paper is devoted to 
defining the applicability guideline that was used to establish that the deployment of 
agents in the specification and procurement of construction products would not be an 
overkill solution. These covered the need to handle diverse or complex communication, 
the ability to restrict the scope of application, the need for flexibility and adaptiveness, 
concurrently handling multiple goals that could possibly conflict and the need for 
autonomous execution.  
 
A major issue that emerged in the paper is the need to present the proposed agent-based 
solution as a commercially viable investment with benefits that can be expressed using 
business metrics such as freeing employees from routine tasks, preserving knowledge and 
ensuring consistency in multi-player or multi-criteria decision making. It is important to 
understand that the APRON prototype is not a replacement to existing technologies – it 
underpins them and provides additional functionalities based on agent sophistication. 
This has been demonstrated in the paper through a description of the APRON 
architecture.  
 
The specification and procurement of construction products occurs in a collaborative but 
fragmented environment. The use of agents is justified by the existence of distributed 
teams. Information, which is very critical to the successful execution of the project by 
such teams, is multi-dimensional by nature. The key questions in identifying the different 
dimensions of information are: who needs information, what information is needed and in 
which format; who possesses the information, where and in what format does the 
information exist; and finally when, where and how information exchange occurs. A 
critical analysis of these themes has established that the information required for the 
specification and procurement of construction products is distributed, dynamic and 
semantically discrete. The paper is strewn with reference to literature affirming the view 
that human agents are overwhelmed by the workload involved in addressing all these 
dimensions simultaneously.  
 
Though the existing technologies (particularly ones based on object-oriented paradigm) 
have significantly addressed some of the problems related to the distributed and dynamic 
nature of information, collaboration requirements are advancing to a higher level. There 
is a growing need for sophisticated applications that can handle all the possible 
dimensions of information; there is a need for new approaches that will enable efficient 
 11
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retrieval and manipulation of information during the specification and procurement of 
construction products. Agent-based approaches appear to offer considerable potential and 
this paper has described in detail why the selected domain is a suitable candidate for 
‘agentification.’ Implementation and evaluation of the resulting prototype are expected to 
further confirm this and will be the subject of a future paper. 
 
The suitability of the specification and procurement of construction products for the 
deployment of an agent-based approach does not guarantee that a prototype such as 
APRON would be an immediate success in a commercial context. This is largely because 
software agents only address part of the problem of integrating disparate pieces of 
information. Software agents’ contribution to a system is a sophisticated level of 
flexibility and adaptiviness derived from their basic anatomy as autonomous, proactive 
and goal-directed entities. There are a number of issued that will have to be resolved 
using different technologies for the entire process of using Internet-enabled systems to 
support the specification and procurement of construction products to work efficiently. In 
this regard, critical research issues that need to be addressed include the development of 
intelligent product libraries that agents can search, the integration of heterogeneous 
information sources and formats, the development of appropriate interoperability 
standards and the degree of autonomy agents are allowed to have by their owners in 
making transactions. 
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Table 1: Usage Scenario 
Scenario outline: A valve specification agent is required to match designer’s requirements 
and the manufacturer’s brochure. The building codes and the client’s brief govern the choice, 
expense and type of product the designer is allowed to use. Here we consider an agent, 
within a designer’s office, to which the designer can give product requirements. The agent 
then explores the various product possibilities, within the scope of the Client’s brief and the 
building codes. The agent asks the designer to decide which options to pick generating a 
detailed specification for the product. 
 
Valve Specification Agent 
Identity: 
The agent is identified by the task of establishing valve attributes and associating them with a 
designer’s requirements.  
 
Roles:  
Valve requirements extraction and detailed valve specification generation. 
 
Interactions with environment: 
Sensory input:  
The designer initiates the process by selecting a desired category of attributes, for example, 
Specific-Gravity, Flow, Temperature, Outlet_Pressure and Inlet_Pressure. He/ she then proceeds to 
specify a value for the selected attributes, for example, 23.70 psi and 27.90 psi Outlet_Pressure and 
Inlet_Pressure respectively. 
 
Acquaintances: 
In this scenario it has been assumed that the agent interacts with only one other agent, the 
Valves’ Catalogue agent. 
 
Resource ownership and access: 
The designer has read-only access to Manufacturer’s valves brochures to enable the 
electronic viewing of product attributes. 
 
Actions: 
(Communicate) Get Valve Attribute Category from the designer (for example, Specific-
Gravity, Flow, Temperature, Outlet_Pressure and Inlet_Pressure et cetera). 
(External) Gather information on options from Manufacturers’ brochures. 
(Internal) Evaluate the options and decide on the best selection based on the specified 
constraints.  
(Communicate) Suggest options to the designer.  
(Communicate) Get choice from designer.  
(Communicate) Get a desired value for the selected valve attribute where applicable. 
(External) Gather information on various options from Manufacturer’s brochures. 
(Internal) Evaluate the options and decide on the best selection based on the specified 
constraints.  
(Communicate) Suggest options to the designer.  
(Communicate) Get choice from designer.  
(Internal) Construct detailed specification for the product. 
 
Mental state and behaviour: 
Purpose:  
The agent’s goal is to extract valve performance requirements from a designer and to turn 
this into detailed product specification by suggesting alternatives to the user based on 
constraints imposed but the designer and product availability as documented in the 
Manufacturer’s valve brochure. Once the designer makes the choice the agent generates a 
detailed product specification that can be used for bidding. 
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Behaviour: 
The agent is not able to procure the specified valve without the designer first confirming a 
choice. 
 
Knowledge and beliefs:  
• How to generate specifications based on a designer’s requirements.  
• How to access and use information from a Manufacturer’s product brochure. 
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Figure 1: Dimensions of Fragmentation 
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Figure 2: Application Integration Spaghetti 
Source: LeVasseur, 2001 
 
Key: 
APPC = Advanced Program-to-Program Communications 
ASP = Application service provider 
CICS = Customer Information Control System 
FTP = File Transfer Protocol 
HTTP = Hypertext Transport Protocol 
RPC = Remote procedure call 
SMTP = Simple mail transfer protocol 
XML = Extensible Markup Language  
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ABSTRACT 
The successful implementation of an optimal online system for the specification and 
procurement has been impeded by the existence of semi-structured or non-structured 
product information held in catalogues in various formats. Consequently, specifiers 
and procurers spend a significant amount of time gathering relevant information. This 
paper is based on a project aimed at demonstrating how agent technology can be used 
alongside other paradigms such as XML to make the specification and procurement of 
construction products more effective and more efficient. It describes APRON (agent-
based specification and procurement of construction products), a prototype agent-
based framework supporting e-business through automating the specification and 
procurement of construction products. The business context in which APRON has 
been deployed is outlined. The use term ‘agents’ in the project is defined. Given that 
there is a myriad of agent-based implementations ranging from deployment in 
healthcare to military, entertainment and e-commerce applications, the scope of the 
paper has been confined to identifying a few closely related projects. This is followed 
by a concise description of the implemented prototype. The penultimate section 
presents the results from the evaluation of the prototype system. The paper ends with 
a discussion that establishes that although there are a number of obstacles that would 
impede rapid deployment of sophisticated Internet-based technologies in the 
construction industry, there is a latent but significant potential for software agents in 
the specification and procurement of construction products. 
 
Key Words: Software Agents, Web Services, XML, Construction products, e-
business, application integration 
 
 
1) Introduction 
 
A) Background 
 
The expansion in the use of the Web and its exponential growth are well established 
facts. However, a problem has emerged from the very core of the success of the Web. 
The Web has evolved into a very large, unstructured but ubiquitous database holding 
textual data in the order of one terabyte (Baeza-Yates, 1998). Such information 
overload on the Web has resulted in substantial losses in the modern economy. The 
results of one study established that in the US that employees spend an average of 8 
hours each week retrieving external information (KPMG, 2000).  
                                                 
1 Responsible Author 
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The problems related to the rapid expansion in the use of the Web are also evident at 
the individual company level. There were great expectations that the use of Internet-
enabled systems would improve productivity and reduce cycle times in various 
operations by collecting and providing the right information. A significant number of 
the forecasted gains remain unattained partly due to the lack of inter-operability 
between systems (Madhusudan, 2001 and Samtami, 2003). Collaboration has 
subsequently become more important for any company seeking to make derive 
maximum gains from e-business (Deloitte Research, 2002).  
 
Clearly, there is a need for Internet-based technologies that address the availability of 
information, the ability to exchange it seamlessly and the ability to process it across 
different applications in different organisational units. Consequently, the e-business 
world has been growing at an unprecedented pace and new market realities, such as 
the software agent paradigm, have emerged. This paper is based on an on-going 
project that explores the role of agents in Construction Industry-specific e-business. 
The project focuses on developing an agent-based system for the specification and 
procurement of construction products on the Internet. 
 
 
B) The Motivation and Context 
 
Significant research efforts have gone into achieving the Web described by Berners-
Lee (1989). A number of researchers affiliated to the W3C are keen to advance the 
present functionality of the Web to a level where it will hold direct links to the 
information contained in the documents displayed on the Web. The W3C’s Web of 
the future, which will hold machine-processable information, has been very broadly 
defined as the Semantic Web. It will allow people to find, share, and combine 
information more easily (Hendler et al, 2002). W3C has set out to define and link the 
Web in a way that it can be used for more effective information discovery, 
automation, integration, and reuse across applications. Hendler et al (2002) identified 
the four key enabling technologies for the Semantic Web as:  
• XML - adds arbitrary structure; 
• RDF - provides common framework for representing metadata across many 
applications; 
• Ontologies - store formal definitions of relations among terms and; 
• Software agents - automate tasks.  
 
Clearly, software agents occupy a very important position as far as enhancing the 
efficient use of the Web is concerned. Consequently, a number of researchers have 
been able to establish the potential of using agents in e-business operations (Blake and 
Gini, 2002, Blake, 2002, and Samtami, 2003). The potential contribution of software 
agents to the success of e-business initiatives lies in their ability to collect Web 
content from diverse sources, process the information and exchange the results with 
other programs (Berners-Lee et al, 2001).  
 
The collaboration challenges in the selected domain are similar to those outlined in 
the general business context outlined in the introductory section. The processes in 
Internet-enabled specification and procurement of construction products involve 
retrieving information from autonomous units. Firms in the construction industry are 
under increasing pressure to improve their ability and capacity for collaborating with 
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members of their supply chain. This makes it imperative for collaborating firms to 
have interfaces to the applications used by the team members across corporate 
boundaries.  
 
The APRON project emerged from a partnership between Loughborough University 
and an industrial partner whose core business was hosting a construction-industry 
specific e-business portal. The latter’s main product created a central repository of 
information about the built asset, which allowed users to access information exactly 
tailored to their needs. At the start of the APRON project, the industrial partner had 
defined customised ‘intelligent’ components in AutoCAD that could be used to 
execute parametric searches for construction products. The implemented application 
scenario emerged from the need to provide an interface between these components in 
AutoCAD and the heterogeneous repositories provided by construction products’ 
manufacturers.  
 
C) Defining Software Agents and Agent Road Map 
 
It is not easy to define the term ‘agents.’ Nwana (1996) provides a number of 
explanations for this difficulty: it is a common term in every day conversion; it 
encompasses a broad area; it is a meta-term and researchers in this area have come up 
with such synonyms as ‘bots’, ‘spiders’ and ‘crawlers.’ Software agents in this project 
have been explored from the viewpoint of leading researchers. Brustolini (1991), 
Ferber (1999), FIPA Architecture Board (2001), Jennings et al (1998a), Jennings et al 
(1998b), Lieberman (1997) and Maes (1994) have defined the term ‘agent’ in various 
ways depending on their interests. It is, however, possible to extract some common 
attributes of agents from these definitions. There is a general consensus that software 
agents exist in an environment. They can sense the conditions in the environment and 
such senses may affect how they act in the future. Software agents are also perceived 
as adaptive components that are capable of learning. They are proactive, exhibiting 
goal-directed behaviour. The execution of tasks occurs autonomously (without human 
intervention). Based on an analysis of these attributes, the term ‘agents’ as used in this 
paper very loosely refers to systems capable of autonomous, purposeful action in the 
real world.  
 
There are a number of closely related paradigms that need to be distinguished from 
agents. These paradigms include conventional programs, whose output has no effect 
on what is sensed in future. Such programs also lack temporal continuity (Franklin 
and Graesser, 1996). Process control systems and software demons exhibit some 
features of agent-based systems but they lack intelligence and flexibility. Agent 
technology bears close resemblance to other paradigms such as artificial intelligence, 
systemics, distributed systems, expert systems, remote programming and object-
oriented programming. Such similarities are not surprising given that such techniques 
underpin agent technology (Aylett et al, 1997; Fingar, 1998, Jennings and 
Wooldridge, 1998; Kashyab, 1997 and Mahapatra and Mistra, 2000). 
 
The previous section established that software agents are growing in importance and 
will gradually become indispensable components of the Web of the future. 
Consequently, there have been several significant research efforts across Europe. 
Such initiatives include the substantial investment by the EU (European Union) in 
large-scale, interdisciplinary and cross-country schemes such as Agentcities (URL1) 
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and AgentLink (URL2). Surprisingly, there are no matching large-scale 
implementations of agent-based applications in commercial scenarios (Shehory, 2003 
& Luck et al, 2003). Agent technology is still maturing and it will take at least another 
decade before there is a perfect match between the expectations and implemented 
systems. Luck et al (2003) predict that agent technology will go through four major 
phases in its transition to maturity. These phases are depicted in Figure 1. Table 1 
highlights some of the inherent characteristics of these phases. 
 
Figure 1: The Agent Road Map 
 
Table 1: Characteristics of Agent Technology Phase 
 
It is important to identify APRON prototype’s position in the described agent road 
map. This project builds on previous work at Loughborough University that resulted 
in an e-procurement framework for construction products (Ugwu et al 2002). Direct 
‘agentification’ of this system would result in an agent-based application that 
conforms to phase 1 applications. The APRON prototype advances the technology 
used in this electronic procurement system and seeks to deliver a system with some of 
the functionalities of systems in Phase 2 and Phase 3. The prototype system has been 
developed without consultation with the construction product manufacturers to reflect 
the fact that the Web of the future will have so many potential links that it would not 
be possible (or even desirable) to involve all the information providers actively in the 
development process.  
 
 
2) Related Work 
 
Given that there are a myriad of projects focussing on agent technology, it would be 
impractical to outline all of them here. Projects that focus on developing agent 
infrastructure have been left out because APRON is an application that exploits such 
infrastructure. Even within the applications stream, there are many implementations in 
various domains such as military, industrial processes, entertainment and e-business. 
The APRON project is an e-business application making some of these applications 
substantially different. Interestingly, even within the e-business context agents have 
been deployed to support numerous functions using different approaches. It was 
therefore necessary to further restrict the scope of e-business projects cited here to:  
 
• Projects addressing a similar problem but utilizing different approaches in the 
solution and; 
• Projects address a generally similar theme with significant variations in the 
selected domain but the modelled solution is based on the use of the software 
agent paradigm. 
 
The fundamental challenge being addressed in the APRON project is similar to that 
addressed in the GENIAL project: the digital ‘anarchy’ (Radeke, 1999). The present 
use of the Internet in construction is characterised by closed markets that cannot 
utilise each other’s services and incompatible applications that cannot interoperate or 
build upon each other. The objective of the GENIAL Project was to define an open 
architecture and to establish a common semantic infrastructure. The solution adopted 
in the GENIAL project was largely based on the use of standards. The output of the 
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GENIAL project was extended in the eConstruct project. The focus of the eConstruct 
project was to develop an XML vocabulary (bcXML) for the European building and 
construction industry (Stephens et al, 2002). A second project that emerged from the 
GENIAL project was a collaborative project between Taylor Woodrow and 
Loughborough University, whose objective was to extend the discrete product search 
in GENIAL into a product schedule that could be used to perform product 
comparisons across different suppliers (Ugwu et al, 2002). The APRON project takes 
this effort to the next level: it utilizes the software agent paradigm to resolve the 
digital ‘anarchy’ inherent in the process. The e-bip projects also tried to address the 
digital ‘anarchy.’ It resulted in a business-to-business Broker Service for SMEs 
(Small and Medium-sized Enterprises) in the construction tile supply chain (Thiels et 
al, 2002). 
  
When the problem is narrowed down further, APRON is fundamentally a system that 
uses an agent-based approach to assist specifiers and procurers to retrieve information 
from sources that are, at best, semi-structured. A number of researchers have used 
different approaches to extract data from semi-structured sources. Hammer et al 
(1997) implemented a Web extractor prototype using the Python programming 
language. In the SEEK project (O'Brien, 2002), Data Reverse Engineering (DRE) and 
Schema Matching (SM) processes were used to deploy a source wrapper for a legacy 
information system.  
 
There have been a number of projects focusing on the use of agent to enhance various 
aspects of design. For brevity, only a few examples of agent-based implementations in 
domains that are close to the specification and procurement of construction products 
are cited here. The ADLIB (Agent-Based Support for the Collaborative Design of 
Light Industrial Buildings) focussed on developing a multi-agent system (MAS) for 
the representation of the activities and processes involved in the collaborative design 
of light industrial buildings (Ugwu et al, 2000). In another project a multi-agent 
architecture for the integration of design, manufacturing, and shop floor control 
activities was developed (Balasubramanian and Norrie, 1996). Two other closely 
related agent-based projects are ProcessLink and RAPPID. ProcessLink was a project 
aimed at providing a technical infrastructure and methodology for integrating spatially 
distributed engineers, designers and their heterogeneous tools (Petrie, 1997). In the 
RAPPID (Responsible Agents for Product-Process Integrated Design) project agents 
were used to resolve conflicts among designers (Parunak, 1996).  
 
 
3) The APRON Architecture 
 
APRON can be perceived as an e-business support system that would be hosted by a 
construction industry-specific information portal. It comprises components that 
execute search functions, manage content, enable collaboration and manage the 
processes involved in the specification and procurement of construction products. The 
first basic assumption in the project is that targeted manufacturers have made the 
required information on construction products available on the Internet. It is further 
assumed that the participating parties operate autonomously as far as their information 
systems are concerned. In the implemented prototype, the agent-based framework 
allows the final end-users to have direct access to information published by 
manufacturers without significant changes being made to their existing computing 
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applications. The very essence of APRON is facilitating the reuse of legacy 
components in their existing form.  
 
In subsequent subsections describe a high-level architectural view of the APRON 
prototype. The functional capabilities of the prototype in the defined business context 
are described in the subsequent paragraphs. 
 
A) The APRON Functional Components 
 
The APRON prototype is modelled using the established mediation/wrapper 
methodology, that was used in the InfoSleuth prototype (Bayardo et al, 1996) and the 
SEEK prototype (O’Brien et al, 2002).  The final prototype comprises a software 
middle layer between the semi-structured repositories of construction products and the 
end-user applications utilised in specification and procurement. This is depicted in 
Figure 2.  
 
Figure 2: The Implemented APRON Prototype System 
 
There are three distinct, intercommunicating layers. The construction product 
manufacturers are at the top level in the architecture. Manufacturers display details of 
the various product offerings as semi-structured data on the Internet. The kernel of the 
architecture is the e-marketplace of an Information Provider, who uses the Internet to 
ensure that requisite project information is available to all the key players in the 
construction project supply chain. This e-marketplace hosts the APRON solution, 
which consists of the Download, Extraction, Structuring, Database, Search and 
Procurement Modules. The e-marketplace also holds a repository of relevant 
standards that can be used as XML schemas for structuring the extracted information. 
The final layer comprises the end-user firms in the specification and procurement of 
construction products. The focus in these firms is providing an automated interface to 
the computing applications used by specifiers and procurers. A client application has 
been deployed to allow such end-users to communicate with the APRON Web 
Service. 
 
The APRON system provides a link between the Web site holding product 
information and the applications used in the specification and procurement of 
construction products. The Download Module maintains real-time access with these 
Web sites. Text is then extracted from the downloaded file, and using a template of 
previously defined XML schemas, structured into a context-specific format. Industry 
standards, such as ifcXML and bcXML, can be easily adopted and used to create the 
template used for structuring the extracted information. The APRON system also 
stores the relevant information in a database. Information for the specification and 
procurement of construction products is obtained from this database. APRON 
provides a Web-based search engine, which can be used to execute context-specific 
queries for construction products. The APRON solution also offers a framework for 
automating the procurement of specified products. The Procurement Module has two 
types of agents: a buyer agent and a seller agent representing product procurers and 
product sellers respectively.  The two agents exchange requisite information and 
automate the transactions involved in the procurement of construction products. 
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B) Deployment Scenario 
This section describes an example of how the APRON prototype would function in a 
real-life application.  
 
a) The Target Source 
The example implemented in the APRON prototype focuses on processing product 
information for the specification and procurement of light bulbs from the Philips 
Lighting Web site (URL3).  
 
 
Figure 3: Philips Lighting Web site 
 
The site hosts close to 200 catalogues in Adobe Acrobat PDF format. The information 
that would be of interest to an end-user (for example, wattage, cap size and voltage) is 
presented in a semi-structured format. 
 
The Web site does not have a search facility that would support guided navigation 
based on attributes such as wattage and voltage. It is also not possible to query the 
information directly from any another application. Furthermore, relevant data has to 
be re-keyed for reuse elsewhere. It is therefore necessary to educe the contents of the 
light bulb table from the underlying Web page displayed in Table 2. 
 
 
Table 2: A snapshot of the Lighting Bulb Information Source 
 
b) APRON functionalities  
 
APRON offers support for the e-marketplace to create an extended enterprise at two 
levels:  
 
• Supporting a designated portal administrator, and;  
• Supporting an ‘ordinary’ end-user.  
 
Web portal solutions already package their solutions in a manner that restricts access 
to certain ‘sensitive’ capabilities to designated portal administrators.  Within the 
APRON framework, access to the Download, Extraction, Structuring and Database 
Modules is restricted to an authorised portal administrator. These are Java-based 
modules implemented as software agents using X-Fetch Suite’s AgentServer (URL 4) 
as a mediator/ facilitator. 
 
The APRON system ensures that the data is as current as possible. A designated 
administrator presets the Download, Extraction and Structuring Modules to execute at 
preferred intervals. The administrators must execute the initial download, extraction 
and structuring cycle before the end-users present their first request for information to 
avoid delays in response time. 
 
The URL for the target Web site has been hard-coded within the Download Module. 
This is based on an assumption that many specifiers/ procurers of construction 
products have preferred suppliers with whom they have established a working 
business relationship over time. Should there be a desire to access information from 
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other Web sites, an administrator can easily broaden the relevant agent’s roaming 
habits on the Internet.  
 
The scope of the Download Module is specifically delineated to handling product data 
displayed in the Adobe Acrobatic PDF format. It was also established through an 
informal review of various Web sites that a significant number of construction 
product manufacturers use the PDF format to display information on the Web by. The 
scope of APRON can be easily broadened to accommodate many other formats such 
as HTML.  
 
The Extraction Module is an optional module included in the implemented prototype 
because the target PDF files on the Philips Lighting Company’s Web site were not in 
ASCII format. The Extraction Module educes all the text from an identified target 
source. This is fed into the Structuring Module, which utilises the capabilities of the 
X-Fetch Suite to structure the extracted information into XML format.  
 
The Extraction Module parses the source file based on the specification file shown in 
Listing 1. This file uses an XML template, which qualifies the input text to be 
considered. When the program is executed, the specified texts are used to excerpt the 
various attributes of light bulbs.  The Extraction module uses the DEL (Data 
Extraction Language). The first 10 lines in Listing 1 extract the column titles. These 
are registered and stored as element names or tags to be used in the structured XML 
document. 
   
Listing 1: Extracting Column Titles 
 
The code listed in Listing 2 extracts all the relevant product data from the source.  
 
 
Listing 2: Extracting Product Attribute Values 
 
The Structuring Module generates an XML file using the extracted column titles as 
element tags and the product details as values. An excerpt of the resulting XML file is 
depicted in Listing 3.  Evoking the agent responsible for the Structuring Module a 
second (and any subsequent) time, updates the original XML output file if the product 
manufacturer has made modifications on the source file.  
 
 
Listing 3: The Output XML file 
 
It is important to note that the resulting XML file would have been created regardless 
of the source data format. The Data Extraction Language reasons on different file 
formats in the same way.  However, for this code to work using a different source file, 
in a different format and from a different manufacturer, it is imperative to have 
consensus on the key attributes that define a selected construction product. Such 
consensus can be arrived at through the existing standardization efforts. However, the 
existing standards are still developing and are not yet robust enough (Froese, 2003). 
The potential problem related to this state of affairs is discussed later in the paper. 
 
Once product data has been presented in a structured format, the APRON system 
provides a component that allows administrators to create permanent data stores of the 
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information. The information that is downloaded from manufacturers’ Web sites is 
only temporarily stored on the server. The designated administrators have 
authorization to create and update databases for the structured data. MS Access was 
used for APRON’s Database Module. This component can be easily adjusted to 
accommodate other types of databases. 
 
 
c) Accessing the Structured Data 
An important goal of APRON is to simplify tasks for specifiers and procurers. Such 
parties can interact with APRON at two levels:  
 
• Using a Web-based interface, and; 
• Using a client application.  
 
The Web-based interface comprises a Search Module and a Procurement Module. The 
former presents the targeted users with a search form (depicted in Figure 4) that can 
be used to retrieve product specifications. This module maintains real-time access 
with the database holding structured product information.  
 
Figure 4: Web-based Search Form  
 
The inclusion of the procurement module was based on the assumption once a product 
has been specified there will be a desire to transact with the identified sellers. The 
requisite tasks are delegated to software agents. The interactions in the pilot scenario 
commence with the seller’s agent informing the buyer’s that he owns the specified 
product. A transaction then ensues and, if the terms are agreeable to both parties, 
ownership of the products is passed from the seller to the buyer. An excerpt of the 
communications between these two agents is shown in Listing 4. 
 
 
Listing 4: Agent Dialogue in the Procurement Module 
 
Section 1.2 pointed out that the APRON project was initiated to functionality of the 
industrial partner’s AutoCAD-based ‘intelligent’ components. AutoCAD was 
therefore the obvious choice for the end-user application in the pilot scenario. All the 
components necessary to support end-user interactions run on the server.  The client 
application has been packaged into a Visual Basic Application (VBA) that interfaces 
with the APRON Web Service using a dynamic link library. Loading and running the 
VBA from AutoCAD presents the end-user with a form shown in Figure 5 that can be 
used to search for detailed product specifications using known attribute definitions.  
 
Figure 5: AutoCAD-based Search Form 
 
 
4) The Evaluation of APRON 
 
A) Background 
 
This section describes the evaluation of the APRON prototype. Two types of 
evaluation – formative and summative evaluation – were undertaken. The primary 
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objective of both activities was to ensure that the prototype satisfied the performance 
criteria defined in the functional specification. 
 
 
B) Formative Evaluation 
 
Throughout the prototype development, there were a number of ‘in-house’ evaluation 
exercises, which resulted in a several modifications to the evolving prototype. This 
provided a method of redefining the prototyping process during the implementation 
phase. The formative evaluation process has been depicted as a spiral model in Figure 
6. The evaluation strategy adopted was an adaptation of the method used by Bottcher 
and Suhl (1999). The first phase of the process has been depicted as the basic scenario 
in the model. It entailed defining the general problem: integrating the Philips Lighting 
Catalogues into a Web Portal. This was developed into a basic APRON model 
comprising the following discrete tasks: 
 
• Accepting requests from the end-users; 
• Reasoning on the information provided by the manufacturers, and; 
• Displaying responses to the end-users. 
 
Having established that construction product manufacturers have adopted a semi-
structured way of presenting information in their Web site, it became necessary to 
include a number of modules to download the files, extract the information and 
organise it into a structured format. These functionalities were packaged into an 
application that constituted the first prototype. Through subsequent evaluation, project 
planning, scenario variation and solution variation, some manual aspects of the first 
prototype were automated. This resulted in a prototype exhibiting the core 
functionalities. The next step involved detailing a scenario for hosting the prototype 
on the Web. A detailed APRON model, in which the prototype was packaged as a 
Web Services was developed. This was extended through further cycles of evaluation 
and refinement to include a client application for the end-users. 
 
 
Figure 6: The Spiral Model 
 
 
C) Summative Evaluation: Focus Groups 
A summative evaluation was undertaken when the APRON prototype was 
substantially complete. Two focus group sessions were held as part of this evaluation. 
The primary purpose of the group evaluations was to determine the adequacy of the 
APRON prototype through soliciting the advice of parties external to the project on: 
 
• What they liked about the system; 
• What they thought would work, and; 
• What they thought would not work in a commercial scenario.  
 
A total of 15 people participated in the small group evaluation sessions. The first 
group comprised 12 university-based researchers while the second group comprised 
experts in construction industry-specific e-commerce and knowledge management. 
Prior to each group session, the participants were given a brief brochure describing 
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the APRON prototype. This was followed by a demonstration of the software and the 
participants completed a brief questionnaire. The last phase of each session was a 
group discussion.  
 
 
D) Group A 
 
a) Results from the Questionnaire Analysis 
 
The objective of the questionnaire completed by participants in Group A was to test 
the functional performance of the APRON prototype. Table 3 represents the mean 
scores across the participants for the constructs of familiarity of the participants with 
Internet-based systems and their views on initialization and navigation within 
APRON, and the scope and functionality of the implemented prototype. The various 
questions under these constructs were rated in questionnaires using a scale 1 to 5 for 
low to high rating. On average, the participants were fairly knowledgeable on 
Internet-based systems. The mean ratings for the two main constructs, 1) initialization 
and navigation, and the 2) scope and functionality of the implemented prototype were 
3.77 and 3.78 respectively out of a possible maximum of 5. The functional 
performance of the implemented APRON prototype in terms of the selected 
constructs was, therefore, very good.  
 
Table 3: Results from Questionnaire 
 
b) Results from Group Discussion 
 
The opinions documented in this section emerged from responses to open-ended 
questions, comments made during the demonstration phase and remarks made during 
group discussion. The main strengths of the system identified by participants in Group 
A were: 
 
• The system is flexible: it provides end-users with the option of either 
searching from the Web or loading a client application into their system;  
• APRON filters through the vast amount of information provided and results in 
the retrieval of relevant data; 
• APRON can be used to retrieve cost information from various vendors for 
existing product schedules, and;  
• The APRON approach of having one data store on a server rather than having 
many individual designers creating local data stores. 
 
The main suggestion for further work was the integration of the APRON prototype 
with the use of ‘blocks’ in AutoCAD. Clearly, most of the views that were expressed 
during the discussion in the focus group are consistent with the results from the 
questionnaire analysis as outlined in the preceding section.  
 
B) Group B 
 
a) Overview 
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The second group review was with a team of three experts from a construction 
company. The experts were appropriate for the exercise because of two primary 
factors: 
 
• They had been involved in three projects cited in Section 2 which 
underpinned the inception of the APRON project, and; 
• Their organisation had developed in-house competency in various facets of 
construction-specific e-business. 
 
 
b) Evaluation Results  
 
The industrial experts did a comparative evaluation between the APRON approach 
and the approach adopted in similar projects. One participant pointed out that APRON 
utilised ‘sophisticated’ techniques to achieve discrete product search using attributes. 
One example was the approach for extracting data from legacy applications within 
APRON, which was more effective and efficient that the approach adopted in the 
other projects. In one of their previous projects, the researchers had written a sub-
routine that read legacy data and populated an MS Excel worksheet, which was then 
used to create XML pages. This approach was tedious, exerting and time-consuming.   
 
Being industry-based, the participants in the expert review were very keen to identify 
very specific commercial application scenarios for the APRON prototype. From their 
experiences, they had established that construction product manufacturers generally 
‘frustrated’ the deployment of tools that enabled end-users to compare their products 
with those offered by their competitors. Manufacturers of construction products had 
been known to deliberately refuse to adopt strategies that would support the 
widespread use of tools that allowed potential buyers to execute comparative 
shopping. It was therefore appropriate to adopt an approach, such an APRON that 
achieved its mission without the direct involvement of manufacturers. 
 
The group further pointed out that the successful implementation of a commercial 
application from the APRON project would be impeded by the unimpressive trends in 
the of adoption of industry standards for the definition of product attributes. The 
group had experienced a number of standard-related problems. The process of fully 
developing industry standards would take a significant amount of time, and when the 
standards finally mature, their use would be restricted by the difficulties in creating a 
critical mass of users. A significant number of AEC-specific information portals have 
already defined product classification systems that will not easily abandoned in favour 
of emerging industrial standards such as the ifcXML and the bcXML.  
 
However, such challenges do not necessarily mean that the industry is not ready for 
systems such APRON. Elements of the earlier work done by the expert reviewers had 
been adopted and developed into an in-house solution by one European company. 
This suggests that there are situations in which the APRON solution can be adopted in 
the industry. One of the identified use cases was government contracts. Being a major 
player in the generation of building stock, the government is in an ideal position to 
compel their business partners to define their products and services using some agreed 
standards. This would then form an ideal test-bed for the APRON prototype. The 
group also identified the potential usefulness of the APRON system in building 
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maintenance and facilities management. Although the targeted end-users in this 
scenario often have detailed product schedules, they could still use the APRON 
system to perform price checks and price comparisons across a number of product 
suppliers. APRON can also be used to place orders for specialties such as wallpaper. 
 
Other commercial scenarios identified by the group included adopting the APRON 
system in a company’s procurement strategy: 
 
• For ordering for products by job;  
• To transact with preferred product suppliers and;  
• In the development of large housing schemes. 
 
In summary, the group established that the approach used in the APRON prototype 
was efficient and effective in achieving its set goals. The APRON prototype would 
face the same challenge as its predecessor projects (GENIAL and eConstruct): a 
large-scale commercial application can only be developed when industry standards 
mature and gain popularity. But this notwithstanding, there are specific scenarios in 
which the tool can be deployed as a commercial application.  
 
 
5) Discussion and Conclusion 
 
The APRON prototype system is essentially a context-specific information integration 
framework. This paper has demonstrated how it can be used to provide services that 
enhance the use of the Internet to support the specification and procurement of 
construction products. The use of the APRON system results in filtered responses to 
an end-user’s queries. It increases efficiency through the automation of routine tasks. 
From the evaluation that was carried out, it is clear that APRON is a useful and 
helpful tool. It finds information that conventional search engines would not readily 
find. Another important aspect of the system is its extensibility. 
 
The APRON project resulted in a prototype that was rigorously tested and evaluated. 
It was, however, not implemented in a commercial scenario. It is therefore necessary 
to explore the potential challenges that could impede such an implementation. The 
subsequent paragraphs discuss the connection between the research results in the 
APRON context and the possible intractable problem of returns on investment in 
potential efforts to develop APRON into a commercial tool.  
  
Although the findings of the APRON project are neither arbitrary nor abstract, 
developing the prototype into an application in a commercial scenario will not be an 
easy task. Latest surveys indicate that the adoption of agent technology in e-business 
has been very slow (Shehory 2003). One of the primary factors hindering rapid 
adoption of agent technology is the current global economic trend towards a 
recession. Companies have generally postponed their major IT investments and 
become more risk averse and more savvy in their IT investments. Web-based 
technologies in particular have been adversely affected. Investors are presently 
disillusioned  - the IT market has witnessed the end of the era of Internet euphoria. 
This era peaked between 1999 and 2001 and was characterised by ‘over-spending’ 
(Benjamin et al, 2003).  However, this problem will diminish in significance with the 
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passage of time. In the long run, the economic cycle will tend towards prosperity and 
IT investment will increase once more. 
 
The slow uptake of agent technology in commercial settings can also be attributed to 
‘failures’ among researchers in the agent community. Leading researchers in agent 
technology have now acknowledged there was excessive and somewhat misleading 
enthusiasm among agent technology pundits in the late 1990s (Luck et al, 2003). This 
resulted in unrealistic expectations and disappointments when the promised benefits 
were only modest. Researchers in this area must impoverish resolutely any notions in 
the commercial context that software agents hold the ultimate answer to the problem 
of ‘digital anarchy.’ Agent technology contributes to the solution but it must be 
applied in conjunction with other building blocks such RDF, ontologies and XML. 
Agents must also be integrated with technologies such as Web Services that would 
provide the necessary infrastructure for deploying large-scale applications. 
 
The problem related to unrealistic expectations and resulting disappointments may 
have been compounded by the time lag between research activities and commercial 
implementation. In general, research prototypes in agent technology do not 
immediately result in commercial applications. It has, in fact, been established that 
current commercial agent implementations are generally based on publications and 
prototypes from 3 to 5 years back (Luck al, 2003). Prospective investors in agent 
technology must therefore be guided into developing modest expectations. This can 
be achieved through educational workshops and courses in various areas of agent 
technology. Agentcities and AgentLink have championed awareness-creation in the 
European context. The two groups have promoted awareness in agent technology in 
universities and companies across Europe, through, for example, awarding 
deployment grants for commercial agent-related projects. Construction-industry 
specific projects are conspicuously missing from the ventures supported by the two 
organisations. Such initiatives provide an opportunity to form interdisciplinary teams 
that would allow professionals in the construction industry to exploit the skills and 
competencies that have already been established by experts in agent technology. Top-
level managers in the construction sector should be encouraged to participate. When 
such key players appreciate what software agents are and what they are capable of, 
they would quickly identify the existing opportunities for agents in their mainstream 
business processes.  
 
Several important issues that would hamper the commercial deployment of agent-
based systems in an e-business setting emerged in the APRON project. Many of them 
are consistent with the above discussion and are as summarised: 
 
• Development platforms are not stable enough for operational environments: 
Agent technology is still maturing and there is not a single development 
environment that could have been used on its own to develop the prototype 
that was defined in the functional specifications  
 
• The value in agents can be best described in terms of business processes: 
software agents are just a subset of the new evolving technologies that support 
e-business: Software agents on their own would not make a good business 
case for a commercial application: The approach adopted in implementing the 
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APRON system, therefore, integrated agent technology with the existing 
information systems; 
 
• Existing industry standards such as ifcXML and bcXML are yet to be 
sufficiently developed to support e-business: The construction industry is, in 
general terms, not quite ready for large-scale adoption of software agents: 
However, specific commercial scenarios with a restricted end-user group can 
be targeted; 
 
• The key players in the construction industry generally lack awareness on the 
potential of agent-based systems: A significant amount of literature available 
focuses on technical issues such as agent architecture, learning and negotiation 
protocols yet give limited information on lessons learn. Early adopters of 
agent technology should be encouraged to provide benchmarking and case 
studies of their experiences; 
 
• As a result of limited information on the experiences of early adopted, 
‘cultural’ resistance in terms of organisations protecting investment in 
hardware, software and skills should be expected: The APRON prototype is 
based on a model placing agents in the background, which would allow 
adopting organisations to gradually migrate into use of the ‘new’ technology. 
 
The introductory sections of the paper established that given the Web’s semi-
structured nature and enormous size, a whole new industry has emerged based on the 
need for tools capable of searching the Web and executing business transactions in a 
more ‘intelligent’ way. However, much work needs to be done to make agent 
technology more palatable for end-users in a commercial context. This paper has 
described the development and evaluation of an agent-based system for the 
specification and procurement of construction products. The paper has also discussed 
the commercial viability of the adopted approach and highlighted the future outlook 
for agents in business operations. It has also identified the significant hurdles to be 
expected in the commercial adoption of agent technology, particularly in the selected 
domain. It is important to note that such hurdles do not rule out the potential of 
deploying industrial applications in this domain; they only restrict the initial scope for 
applying agents in commercial scenario. This is consistent with the results of the 
summative evaluation, which established there are specific scenarios that can benefit 
from the use of APRON.  
 
In general, there is sufficient evidence to conclude that full automation of 
specification and procurement of construction products through agents cannot be 
attained at present. However, based on the results of the APRON project, it would 
appear that there is ‘latent potential’ (Radjou, 2003) for agent-based technology in the 
selected domain. There is a need for researchers to build industry awareness and 
promote the adoption of the technology in commercial context while developing the 
research prototypes. In this regard, construction researchers should participate in 
existing technical forums (such as AgentLink) so as to foster collaboration with the 
existing experts in potentially new application areas.  
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Figure 1:The Agent Road Map 
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Figure 2: The APRON Prototype System 
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Figure 3: A Partial View of the Target Web site 
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Figure 4: Web-based Search Form  
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Figure 5: AutoCAD-based Search Form 
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Figure 6: The Spiral Model 
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Table 1: Characteristics of Agent Technology Phases 
 
Period Characteristics 
Phase 1 Development by a single design team; 
Deployment in a single corporate environment; 
Common high level agent goals in a single domain. 
Phase 2 Development by a single design team; 
Deployment across corporate boundaries. 
Phase 3 Development by different design teams; 
Deployment of heterogeneous agent systems; 
Deployment in a single application domain; 
Having bridging agents to criss-cross domains. 
Phase 4 Open multi-agent systems crossing multiple domains; 
Development by diverse design teams. 
 
 
( Adapted from Luck et al, 2003) 
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Table 2: A snapshot of the Lighting Bulb Information Source 
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Table 3: Results from Questionnaire 
 
Construct Mean Max. Score Count 
Familiarity with Internet-based Systems 3.36 5 12 
Initialization and Navigation 3.77 5 12 
Scope and Functionality 3.78 5 12 
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Listing 1: Extracting Column Titles 
 
    <mark action="go"/> 
   <extract type="over" expression="Commercial product name"/> 
   <extract type="re_upto" expression="[a-zA-Z]"/> 
   <extract type="upto" expression=" " register="title_1"/> 
   <extract type="re_upto" expression="[a-zA-Z]"/> 
   <extract type="upto" expression=" " register="title_2"/> 
   <extract type="re_upto" expression="[a-zA-Z]"/> 
   <extract type="upto" expression=" " register="title_3"/> 
   <extract type="re_upto" expression="[a-zA-Z]"/> 
   <extract type="upto" expression=" " register="title_4"/> 
   <extract type="re_upto" expression="[a-zA-Z]"/> 
   <extract type="upto" expression=" " register="title_5"/> 
 
   <convert conversionset="toXML"> 
    <register name="title_1"/> 
    <register name="title_2"/> 
    <register name="title_3"/> 
    <register name="title_4"/> 
    <register name="title_5"/> 
   </convert> 
   <repeat> 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 29
Accepted for ECAM 
Listing 2: Extracting Product Attribute Values 
 
 
 
    <extract type="re_upto" expression="\r?\n[a-zA-Z]"/> 
    <extract type="re_over" expression="\r?\n"/> 
    <extract type="upto" expression="  " register="ti_1"/> 
    <extract type="re_upto" expression="[0-9a-zA-Z]"/> 
    <extract type="upto" expression="  " register="ti_2"/> 
    <extract type="re_upto" expression="[0-9a-zA-Z]"/> 
    <extract type="upto" expression="  " register="ti_3"/> 
    <extract type="re_upto" expression="[0-9a-zA-Z]"/> 
    <extract type="upto" expression="  " register="ti_4"/> 
    <extract type="re_upto" expression="[0-9a-zA-Z]"/> 
    <extract type="re_upto" expression="\r?\n" register="ti_5"/> 
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Listing 3: The Output XML file 
 
 
 <product> 
  <Type>CAPSULEline Pro</Type> 
  <Wattage>10W</Wattage> 
  <Cap_base>G4</Cap_base> 
  <Voltage>12V</Voltage> 
  <Ordering>409706 50</Ordering> 
 </product> 
 <product> 
  <Type>CAPSULEline Pro</Type> 
  <Wattage>20W</Wattage> 
  <Cap_base>G4</Cap_base> 
  <Voltage>12V</Voltage> 
  <Ordering>402103 50</Ordering> 
 </product> 
 <product> 
  <Type>CAPSULEline Pro</Type> 
  <Wattage>20W</Wattage> 
  <Cap_base>GY6.35</Cap_base> 
  <Voltage>12V</Voltage> 
  <Ordering>402196 50</Ordering> 
 </product> 
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Listing 4: Agent Dialogue in the Procurement Module 
 
SELLER: Inform BUYER that I own :Philips Lighting product-0: 
bulbShopOntology.Product@1c6d11a product-1: 
bulbShopOntology.Product@1ca209e product-2: 
bulbShopOntology.Product@123a389 
 
BUYER: Information received from SELLER. Message is  
 
(INFORM 
 :sender  ( agent-identifier  :name agent@pc2000-cveao:1099/JADE) 
 :receiver  (set ( agent-identifier  :name agent@pc2000-cveao:1099/JADE) ) 
 :content  "((OWNS (agent-identifier :name agent@pc2000-cveao:1099/JADE)  
(bulb :serialID 123456 :name \"Philips Lighting\" :products  
(sequence (PRODUCT :type \"CAPSULEline pro\"  
                                     :wattage \"10W\"  
                                     :cap_base G4  
                                     :ordering_no \"345689 90\")  
                (PRODUCT :type \"CAPSULEline pro\"  
                                     :wattage \"20W\"  
                                     :cap_base G4  
                                     :ordering_no \"345689 91\")  
                (PRODUCT :type \"CAPSULEline pro\"  
                                     :wattage \"30W\"  
                                     :cap_base G4  
                                     :ordering_no \"345689 92\")))))"  
 :language  FIPA-SL 
 :ontology  Bulb-shop-ontology 
) 
 
Owner is: ( agent-identifier  :name agent@pc2000-cveao:1099/JADE) 
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APPENDIX F FOCUS GROUP INFORMATION PACK  
 
      5th June 2003. 
 
 
 
 
 
 
Dear Sir/ Madam, 
 
 
Thank you for accepting my invitation to talk about APRON, an agent-based 
specification and procurement prototype system, which I have developed. The tool 
has been created for people like you, professionals within the construction industry. I 
want your advice on what you would like, what will work, and what will not work.  
 
Your views will be solicited within a focus group. The group will be held on Tuesday, 
10th June, 2003 at 2.00pm in the conference room within the Annex Building. It will 
be a small group, about 10 - 12 people. You will be provided with refreshments 
during this exercise.  
 
If for some reason you will not be able to join us, please call as soon as possible so 
that I can invite some else. I am happy to answer any questions that you may have. 
You can give me a call at 07930335240. I have attached a brief description of the 
prototype. 
 
I am looking forward to meeting you next Tuesday. See you then. 
 
 
Kind Regards, 
 
 
Esther Obonyo 
Research Engineer 
 
 
APRON: AN AGENT-BASED SYSTEM FOR THE SPECIFICATION AND 
PROCUREMENT OF CONSTRUCTION PRODUCTS 
 
 
Esther Obonyo,  Research Engineer, 
Supervisors: Prof Chimay Anumba and Prof Tony Thorpe 
 CICE, Loughborough University. 
 
1. Background 
Construction project teams use a wide variety of applications and information system. 
Such teams can increase efficiency by creating interfaces across such applications and 
information systems to support real-time communication. Developing such interfaces 
remains, to a large extent, an elusive dream. In the specification and procurement of 
construction products in particular, there are two dimensions to the demands placed 
on an information provider seeking to support e-business. An e-business integrator 
must accommodate a product manufacturer keen on using a particular format for 
information display on the Web. He/ She must also simplify end user interfaces for 
users (designers) who do not want to be bogged down with complicated front-end 
systems with extended learning curves. 
 
 
2. The Exploited Opportunity 
The APRON (agent-based specification and procurement of construction products) 
prototype system emerged from a project aiming to address the challenges outlined 
above using agent-technology and XML.  It provides an information integration 
framework in which proprietary the data format used by product manufacturers is 
translated into, XML, a format that defines its own content  and is more transferable 
between applications. The APRON prototype further provides a mechanism for the 
information provider to store the information in a database. Data transfers between the 
end-user and the manufacturer are based on information extraction from such 
databases. 
 
 
3. The Architecture 
The core of the APRON system architecture has been divided into two main 
components: a server and a client application as depicted in Figure 1. The main part of 
the system has been encompassed into a Web Service.  Web Services are a developing 
technology stack for representing services and service access in the Internet world 
(URL1). Within the Web Service there is an application that mines the Web for lamp 
specification details. This involves reading the PDF files and posting the details to a 
database. The Web Service also hosts a site that allows users to search for lamp 
details. The client application accesses the Web Service from an external application. 
AutoCAD has been selected as the target external application in the implemented 
APRON prototype.  
 
The integration strategy adopted in the APRON prototype builds on the use of 
wrappers and the agent communication language (ACL).  The functionality of the 
APRON wrappers has been developed using XPDF, an open source library, X-Fetch 
Suite from Republica and JADE (an open source agent development environment).  
 
Figure 1: The Implemented APRON Modules 
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4. The APRON Modules 
4.1 Download Module 
The product catalogue Web site has a multilayered structure. The actual files holding 
detailed product information are located 3 levels below the hosting page. The 
download module first makes a connection with the host Website and searches up to a 
depth of 5 for links to files with ‘.pdf’ extension. The target  of any such links is saved 
onto the local drive.  
 
4.2 Extraction module 
Text is extracted from the downloaded files using an open source library, the XPDF 
library. This library is invoked from the command line. In this project the execution of 
the command has been incorporated in the Java-based agents using the 
‘Runtime.exec’ function from the ‘java.io’ package. 
 
 
4.3 Structuring module 
The text resulting from the execution of the extraction module is structured into XML 
documents using the X-Fetch Wrapper. This process can also be invoked from the 
command line. It is also included in an agent using the ‘Runtime.exec’ function from 
the ‘java.io’ package. A simple defines the structure of the resulting XML document. 
This can be extended into a schema to mirror existing standards. 
 
 
4.4 Search Module 
In the present prototype, the search module has been implemented in two ways. The 
first approach takes the form of a server-based search engine. This is the easier 
implementation and it provides a mechanism for accepting input from users who 
prefer to conduct their queries outside their application. 
 
The second approach takes the form of a client application written in Delphi to 
demonstrate integration with a backend system. This client application accepts user 
input and is used to query the Server for the requested information. This module 
utilises a dynamic link library to provide access to the deployed Web Service using 
VBA from within AutoCAD. The end user just downloads the VBA application from 
the Server and loads it into AutoCAD.  
 
 
4.5 Database Modules 
The Web server is connected to a Microsoft Access database and the site 
administrator can create a database from an interface provided here. She/ he can 
populate the database with information retrieved from the downloaded files. The 
database can also be queried at any time to display a list of the stored lamp details. 
Although the implemented prototype populates a Microsoft Access database, the 
module can be easily modified to populate different database applications.  
 
 
4.6 Procurement Module 
The implemented procurement module is based on a set of agent interactions which 
commence when the seller informs the buyer about the available products. The buyer 
and the seller are able to understand each other because of a shared ontology, the  
‘bulbShopOntology’ created to define the context. The light lamps example used in 
the prototype have been defined as an object called Product within this ontology. 
When this information is passed on to the Buyer, the attributes defining the object, 
Product, are assigned values stored in the database. The buyer requests for the price. 
The seller responds to the request on price and the buyer proceeds to issue product 
purchase instructions including credit card details. In the final communication from 
the buyer, the purchase of the product is confirmed. The agents are ‘killed’ and the 
agent platform shuts down automatically. 
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APRON Evaluation Questionnaire 
Kindly respond to the following questions based on your experience with using The 
APRON prototype. 
 
PERCEIVED USEFULNESS   1 2 3 4 5 6 7   NA
1. Using the system in my job 
would enable me to accomplish 
tasks more quickly   
unlikely
  
likely
2. Using the system would improve 
my job performance   
unlikely
  
likely
3. Using the system in my job 
would increase my productivity  
unlikely
  
likely
4. Using the system would enhance 
my effectiveness on the job   
unlikely
  
likely
5. Using the system would make it 
easier to do my job   
unlikely
  
likely
6. I would find the system useful in 
my job   
unlikely
  
likely
PERCEIVED EASE OF USE   1 2 3 4 5 6 7   NA
7. Learning to operate the system 
would be easy for me   
unlikely
  
likely
8. I would find it easy to get the 
system to do what I want it to 
do   
unlikely
  
likely
9. My interaction with the system 
would be clear and 
understandable   
unlikely
  
likely
10. I would find the system to be 
flexible to interact with   
unlikely
  
likely
11. It would be easy for me to 
become skillful at using the 
system   
unlikely
  
likely
12. I would find the system easy to 
use   
unlikely
  
likely
      1 2 3 4 5 6 7   NA
 
13. List the most negative aspect(s):  
1.  
2.  
3.  
 
14. List the most positive aspect(s):  
1.  
2.  
3.  
 
15. Other Comments:  
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APRON: 
FOCUS GROUP EVALUATION 
 
(This questions provide cues for the moderator and will not be distributed to the participants. Some 
questions have been paraphrased to minimise digression during the discussion. Further clarifications 
and explanations will be given during the focus group sessions. There is scope to modify the questions 
further during the session and some of the questions listed below may not be used at all depending on 
how the discussion progresses). 
 
Welcome Remarks 
Thank you for accepting my invitation to talk about APRON, an agent-based 
specification and procurement, prototype system that I have developed. The tool has 
been created for professionals within the construction industry. I want your advice on 
what you would like, what will work, and what will not work.  
 
 
Opening 
Tell us your name and what you do. 
 
 
Introduction 
1. What was your first impression? 
2. What did you think of the interfaces provided for the end user? 
 
 
Operation of the system 
3. Is there any part of the system that you find: 
• Particularly useful? 
• Particularly frustrating? 
 
 
Security and Access Control 
4. What are your views on the  security features (access restriction)? 
5. Is there an additional security feature you would like to see? 
 
 
Liability/ Exposure Assessment 
5. How would you define the risk to liability claims based on things such as security 
issues within APRON? 
 
 
Competition/ Market analysis 
6. If APRON were commercialised:  
• Do you think it experience relative ease of entry into the market? 
• Do you think there would be any barriers to such an entry 
7. Does APRON create a new product or a new market segment? 
8. What is the competition? 
 
 
Product Engineering Analysis 
10. Does it re-use existing technology? 
11. What do you think is the relative level of tooling complexity and expense that 
would be brought in by use of the APRON? 
 
 
Conclusion 
I wanted you to help me evaluate APRON. I want to know how the system can be 
improved. Is there anything that I missed? Is there anything that you wanted to say 
that you did not get a chance to ask? 
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